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P R F A C E
F i s h  h a s  been an i m p o r t a n t  s o u rc e  o f  p r o t e i n  f o r  t h e  u n d e r f e d  
p o p u l a t i o n  i n h a b i t i n g  i n  t h e  c o a s t a l  b e l t  o f  th e  c o u n t r y .  R e a l i z i n g  
t h e  i n t p o r t e n c e  c f  f i s h e r y  r e s o u r c e s  i n  m e e t i n g  the  f o o d  r e q u i r e m e n t s  
o f  t h e  c o u n t r y ,  i n  r e c e n t  t i m e s ,  d e v e l o p m e n t a l  a g e n c i e s  h a v e  pa i d  
s e r i o u s  a t t e n t i o n  f o r  e x p l o i t i n g  t h e s e  r e s o u r c e s  f o r  t h e  b e n e f i t  o f  t h e  
p o p u l a t i o n .  B e s i d e s  m e e t i n g  t h e  i n t e r n a l  r e q u i r e m e n t s ,  e x p o r t  of  m a r i n e  
f i s h  e a r n s  t o  t h e  n a t i o n  f o r e i g n  ex c h a n g e  o f  ab out  630  c r o r e s  of R u p e e s  
c u r r e n t l y .  Ex po r t  o f  m a r i n e  p r o d u c t s  f r o m  th e  n a t i o n  h a s  been m a in ly  
c o n c e n t r a t e d  on prawns  and i t s  p r o d u c t s .  However,  i n  r e c e n t  t imes  i t  i s  
r e p o r t e d  t h a t  i n  s p i t e  o f  i n c r e a s e d  i n p u t s  i n  f i s h i n g ,  t h e  p r o d u c t i o n  
o f  p r a w n s  i s  n o t  showing commensurate  i n c r e a s e .  Hence i n d u s t r y  and 
d e v e l o p m e n t a l  a g e n c i e s  a r e  s e i z e d  o f  t h e  p r o b l e m  of  i n c r e a s i n g  p r o d u c t i o n  
and w ays  and  means o f  c o n s e r v i n g  th e  r e s o u r c e s  i s  b e i n g  d i s c u s s e d  i n  
v a r i o u s  f o r u m s .
Vembanad l a k e  i s  w e l l  known to be  an i m p o r t a n t  n u r s e r y  ground f o r  
c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s  o f  m a r i n e  p ra w n s V i z . M e t a p e n a e u s  d o b s o n i . 
M.* m o n o c e r o s . Penaeus  i n d i c u s  & P.  mo n o d o n . These s p e c i e s  o f  prawns 
spend t h e i r  j u v e n i l e  s t a g e  i n  b a c k w a t e r s  and  f o r  a t t a i n i n g  m a t u r i t y  t h e y  
m i g r a t e  t o  d e e p e r  r e g i o n s  o f  the  sea .  T r a d i t i o n a l l y  t h e s e  j u v e n i l e s  
have b e e n  e x p l o i t e d  i n f l i c t i n g  j u v e n i l e  m o r t a l i t y  on t h e s e  r e s o u r c e s  
wh ich  o t h e r w i s e  would h a v e  s up po r te d  a p r &m in en t  m a r in e  prawn f i s h e r y  
i n  t h e  c o u n t r y .
T h e r e  h a s  so f a r  b e e n  no a u t h e n t i c  a s s e s s m e n t  o f  t h e  quantum of  
j u v e n i l e  p r aw ns  e x p l o i t e d  a n n u a l l y  f rom Vembanad l a k e .  P l a n n i n g  the  
c o n s e r v a t i o n  s t r a t e g i e s  i n  r e s p e c t  o f  t h e s e  s p e c i e s  w o u l d ^ n e e d l e s s  to  
say r e q u i r e  q u a n t i f i e d  i n f o r m a t i o n  on t h i s  a s p e c t  o f  t h e  p rob le m.  No 
a t t e m p t  h a s  be en  f r u i t f u l l y  made so f a r  t o  i n v e s t i g a t e  t h e  e x p l o i t a t i o n  
to a r r i v e  a t  an a s s e s s m e n t .  No agency i s  known to h a v e  made any s t u d y  
to e v o l v e  a s u i t a b l e  and  s c i e n t i f i c  method  o f  c o l l e c t i o n  o f  r e l e v a n t  
d a t a  i n  t h i s  r e s p e c t .  Hence t h i s  s t u d y  was u n d e r t a k e n  t o  ev o l v e  a 
s c i e n t i f i c  method of  c o l l e c t i o n  o f  d a t a  on th e  c a t c h e s  o f  j u v e n i l e  
p rawns  f rom Vembanad l a k e .
B ased  on th e  s t u d y  c o n d u c t e d  s a m p l in g  mode ls  w e r e  e v o l v e d  to 
e s t i m a t e  t h e  c a t c h e s  f rom s t a k e  n e t s  and d i p  n e t s .  I t  i s  n e e d l e s s  t o  
say  t h a t  r e l i a b l e  s t a t i s t i c s  a r e  a p r e r e q u i s i t e  f o r  any management 
p rogramme.
I w i s h  to  e x p r e s s  my d e e p  sense  o f  g r a t i t u d e  to  my S u p e r v i s i n g  
T e a c h e r ,  Mr.  K. N a r a y a n a k u r u p ,  S c i e n t i s t ,  C e n t r a l  M a r in e  F i s h e r i e s  
R e s e a r c h  I n s t i t u t e ,  C och in  f o r  h i s  c o n s t a n t  a d v i c e ,  g u i d a n c e  and 
w h o l e - h e a r t e d  s u p p o r t  t h r o u g h o u t  the  c o u r s e  o f  t h i s  s t u d y  and in  t h e  
p r e p a r a t i o n  o f  t h e  m a n u s c r i p t .  I e x p r e s s  ray than ks  t o  D r .  P . S . B . R . J a m e s ,  
D i r e c t o r ,  C e n t r a l  Mar ine  F i s h e r i e s  R e s e a r c h  I n s t i t u t e ,  Coch i n  f o r  t h e  
f a c i l i t i e s  p r o v i d e d .  I w i s h  to e x p r e s s  my s i n c e r e  t h a n k s  to  Dr.  A. N o b le ,
D r .  C.  S u s e e l a n ,  S h r i ,  G. Nandakumar?, .'-Jhri. M. S r i n a t h  f o r  t h e i r  
c o n s t a n t  a d v i c e  and e n c o u r a g e m e n t  o f f e r e d  d u r i n g  t h e  s t u d y .
I e x p r e s s  my t h a n k s  t o  a l l  my c l a s s m a t e s ,  S e n i o r  s t u d e n t s  and 
Smt. Lakshmy f o r  t h e i r  h e l p .
The award o f  J u n i o r  R e s e a r c h  F e l l o w s h i p  by t h e  I n d i a n  Co unc i l  
o f  A g r i c u l t u r a l  R e s e a r c h  d u r i n g  t h e  p o s t - g r a d u a t e  programme in  
M a r i c u l t u r e  i s  g r a t e f u l l y  ack now ledged .
I N T R O D U C T I O N
The m a r in e  prawn r e s o u r c e s  of t h e  c o u n t r y  a re  i n d i r e c t l y  
r e l a t e d  t o  th e  v a s t  b r a c k i s h w a t e r  e c o l o g i c a l  system c o n s t i t u t e d  
by v a r i o u s  e s t u a r i e s ,  i n l a n d  bays ,  l a k e s  and b a c k w a t e r s  a l ong  the 
e n t i r e  c o a s t l i n e .  In  a d d i t i o n  to  t h e  perm ane nt  i n h a b i t a n t s  of the  
a r e a ,  many f i s h e s  and i n v e r t e b r a t e s  o f  m a r in e  o r i g i n  i n c l u d i n g  prawns 
t e m p o r a r i l y  u t i l i z e  t h i s  b i o t i c  n ic h e  f o r  comple t ing  t h e i r  l i f e  c y c l e .
The commercial  m a r i n e  prawn f i s h e r y  which has r e l a t i o n s h i p  w i t h  
b r a c k i s h w a t e r  env i ronme nt  i s  s p e c i f i c  w i t h  a group o f  p rawns  b e l o n g i n g  
t o  t h e  f a m i l y  Penae id ae  i n  which a r e  egg s  a r e  shed i n t o  w a t e r  u n l i k e  
o t h e r  g r o u p  o f  c a r i d e a n  prawns  whose f e m a l e s  c a r r y  t h e i r  eggs under  
the  b e l l y  t i l l  a c o m p a r a t i v e l y  advanced s t a g e  of  d e v e l o p m e n t .  As a 
r u l e  t h e  pe n a e id  prawns o f  commercial  im por ta nc e  a r e  fo u n d  c l o s e l y  
a s s o c i a t e d  w i th  the s h a l l o w  b r a c k i s h w a t e r  e n v i r o n m e n t s .  Near ly  35 
s p e c i e s  o f  t h e s e  g ro u p s  o f  prawns,  w i t h  v a r y i n g  g e o g r a p h i c  d i s t r i b u t i o n ,  
s u p p o r t  i m p o r t a n t  c o a s t a l  f i s h e r i e s  i n  d i f f e r e n t  r e g i o n s  o f  the  w o r l d .  
The p e n a e i d  prawns o f  commerc ial  s i g n i f i c a n c e  in  I n d i a  i n c l u d e  n e a r l y  
a d o z e n  s p e c i e s ,  the  m o s t  im p o r t a n t  among them be i ng  P e n a e u s  i n d i c u s . 
P ena eus  monodon. M et ao ena eus  d o b s o n i . Metaoenaeus a f f i n i  s . Metaoenaeus 
m o n o c e r o s . Metaoenaeus b r e v j c o r n i s . P a r a p e n a e p p s i s  s t v l i f e r a .
From b i o l o g i c a l  a s  w e l l  as c o n s e r v a t i o n  p o i n t s  o f  v ie w the 
i n t e r e s t i n g  f e a t u r e  i n  t h e  case of t h e s e  s p e c i e s  i s  t h a t  most  of t h e s e
p e n a e i d  p r aw ns  have a p e c u l i a r  l i f e  h i s t o r y  c h a r a c t e r i z e d  by a p e r i o d  
o f  more o r  l e s s  p r e d i c t a b l e  l e n g th  w hi ch  i s  passed  o f  i n  an e s t u a r i n e  
o r  b r a c k i s h w a t e r  e n v i r o n m e n t .  In mos t  o f  t h e s e  s p e c i e s  t h e  p a r e n t  
p o p u l a t i o n  b r e e d s  in  t h e  s e a  a t  v a r i o u s  d i s t a n c e s  f rom s h o r e l i n e ,  
p r o d u c i n g  l a r g e  number o f  m i c r o s c o p i c  e g g s  which a r e  s he d  i n t o  the s e a .  
These s e m i - b u o y a n t  eg gs  q u i c k l y  h a t ch  i n t o  smal l  p l a n k t o n i c  l a rv ae  
known a s  n a u p l i i .  M ata m orp hos i s  t a k e s  p l a c e  r a p i d l y  t h r o u g h  p r o t o z o e a l  
and m y s i s  s t a g e s ,  a l l  Che w h i l e  be in g  t r a n s p o r t e d  t o w a r d s  th e  sh ore ,  
e s p e c i a l l y  towards  mouth o f  r i v e r s  o r  o p e n i n g  of  s h a l l o w  l a k e s  and 
b a c k w a t e r s ,  uep en a in g  on s p e c i e s ,  t h e  t i m e  taken  b e t w e e n  t h e  h a t c h i n g  
i n  o f f  s h o r e  w at e r s  and e n t r y  o f  smal l  p o s t - l a r v a e  i n t o  t h e  b r a c k i s h w a t e r ,  
v a r i e s  u s u a l l y  from 2 t o  4 weeks .  In c e r t a i n  s p e c i e s  t h e y  a r r i v e  i n  
t h e s e  s h a l l o w  a r e a s  i n  t h e  l a t e  l a r v a l  s t a g e s  wh i le  i n  some o t h e r s  t h e y  
a r r i v e  i n  t h e  e a r l y  p o s t - l a r v a l  s t a g e s .  Once i n  the  b r a c k i s h w a t e r s ,  
they l e a v e  t h e  p l a n k t o n i c  e x i s t e n c e  and d e s c e n d  to  t h e  b o t t o m ,  r e a c h i n g  
d i f f e r e n t  p a r t s  o f  s h a l l o w e r  w a t e r s .  Over  t h e  s u b s e q u e n t  6 to  9 
months t h e y  grow r a p i d l y  and reach  c e r t a i n  s i z e s ,  v a r y i n g  w i t h  s p e c i e s .  
A f t e r  t h e s e  s i z e s  a r e  a t t a i n e d  they r e t u r n  to  the  s ea  w h e re  the  l i f e  
c y c l e  i s  co m p le t e d .  C o n s i d e r a b l e  v a r i a t i o n s  occur  among t h e  commercial  
p e n a e i d s ,  b o t h  in  d e g r e e  t o  which the b r a c k i s h w a t e r  e n v i r o n m e n t  i s  
u t i l i z e d  by each s p e c i e s  i n  the  l i f e  h i s t o r y  and in  t h e  d i s t r i b u t i o n  
o f  p a r e n t  and j u v e n i l e  p o p u l a t i o n s  in  t h e  g r a d i e n t  z o n e s  o f  b r a c k i s h ­
w a te r  en v i ro n m e n t .  The b i o l o g y  of  I n d i a n  p en ae id  p rawns  o f  commercial  
i m p o r t a n c e ,  p a r t i c u l a r l y  o f  s o u th - w e s t  c o a s t  have been  s t u d i e d  in
d e t a i l  (Menon 1951, 1953 ,  1954,  1955, and P a n ik k a r  and Menon 1955).
K e r a l a  i s  endowed w i t h  an e x p a n s i v e  body o f  b r a c k ! s h w a t e r s ,  the  
v a r i o u s  s e c t i o n s  o f  wh ich  a r e  r e f e r r e d  t o  a s  b a c k w a t e r s ,  l a k e s ,  
l a g o o n s  and e s t u a r i e s  i n c l u d i n g  mangrove swamps. From s o u t h  to  n o r t h  
the y  a r e  named as  V e l i ,  Kadinamkulam, P a r a v o o r ,  A sh t am u d i ,  Kayamkulam, 
Vembanad,  C ra n g a n o re ,  V a l i y a n g a d i ,  K o ra p u zh a ,  V a l i y a p a t t a n a m  and 
K av n a i .  T h i s  c ha i n  o f  b a c k w a t e r s  on t h e  c o a s t a l  p l a n e  a r e  i n t e r ­
c o n n e c t e d  by e x t e n s i v e  n e t w o rk  o f  c a n a l s  which  f a c i l i t a t e s  t r a n s p o r t  
of  men and m a t e r i a l s .  These  b a c k w a t e r s  p l a y  a s i g n i f i c a n t  r o l e  in 
s o c i o - e c o n o m i c  and c u l t u r a l  l i f e  of K e r a l a .  Vembanad K a y a l ,  the  
l a r g e s t  b a c k w a t e r  sys tem on the wes t  c o a s t  has  an a r e a  o f  36 ,500 ha.  
i n  th e  l a s t  c e n t u r y .  I t  h a s  undergone manmade s h r i n k a g e  a t  an a l a r m i n g  
r a t e  by b u n d i n g  and r e c l a m a t i o n  f o r  a g r i c u l t u r e ,  a q u a c u l t u r e ,  ha rbo ur  
and u r b a n  deve lopment  and f o r  o t h e r  u s e s .  As a r e s u l t ,  a t  p r e s e n t  
o n ly  a b o u t  35% of  i t s  o r i g i n a l  a re a  r e m a i n s  as  open b r a c k i s h w a t e r s  
and o u t  o f  which a b o u t  h a l f  has  been i d e n t i f i e d  s u i t a b l e  f o r  d e v e l o p i n g  
a q u a c u l t u r e  farms in  coming  d e c a d e .  T h i s  shows t h a t  o n l y  a b o u t  17% 
o f  Vembanad l a k e  system w i l l  be l e f t  a s  open  b r a c k i s h w a t e r  by the  dawn 
of  2 1 s t  c e n t u r y ,  p r o v i d e d  i t  i s  n o t  f u r t h e r  encroached  f o r  o t h e r  
p u r p o s e s  ( Gopalan e t  a l . ,  1983).
Vembanad la k e  e x t e n d i n g  between A l l a p u z h a  and A z hi ko de  i s  a 
t y p i c a l  e s t u a r i n e  s ys t em  and l a r g e s t  o f  i t s  kind in  w e s t  c o a s t  of I n d i a  
and i s  b e l i e v e d  to  have  a t t a i n e d  i t s  p r e s e n t  c o n f i g u r a t i o n  i n  4th 
c e n t u r y  A . D . ,  a c c o r d i n g  t o  h i s t o r i a n s  (Anon,  1973).
I t  w as  p r i m a r i l y  a m a r i n e  e n v i r o n m e n t ,  bounded by  an  a l l u v i a l  
b a r  p a r a l l e l  to  the  c o a s t l i n e  and i n t e r r u p t e d  by t h e  A r a b i a n  sea a t  
i n t e r v a l .  As a r e s u l t  o f  a c a t a s t r o p h i c  d e l u g e  which  t o o k  p l a c e  i n  
1341 A . D . ,  p a r t s  o f  A l l a p u z h a  and E r n a k u l a m  D i s t r i c t s  i n c l u d i n g  a 
number  o f  i s l a n d s  a r o s e ,  t h u s  s e p a r a t i n g  a d i s t i n c t  w a t e r  body from 
sea w i t h  c o n n e c t i n g  c h a n n e l s  a t  T h o t t a p a l l y ,  A d h a k a r a n a z h y  and Cochin 
(Menon, 1 9 1 3 ) .
The l i f e  h i s t o r y  o f  m o s t  v a l u a b l e  com me rc i a l  s e a - f o o d s  o f  K e r a l a  
l i k e ,  P e n a e u s  i n d i c u s . P .  monodon. M e t a p e n a e u s  mono_c^(3^. M. f t f f L n j ^ ,  
M, d o b s o n i  i n v o l v e s  an  e s t u a r i n e  p h a s e ,  a s  t h e i r  p o s t - l a r v a e  and 
j u v e n i l e s  m i g r a t e  to  e s t u a r i e s  which p r o v i d e  t h e i r  n u r s e r y  g r oun ds .  
From t i m e  immemor ial ,  a r i c h  j u v e n i l e  s h r i m p  f i s h e r y  e x i s t e d  in  th e  
low s a l i n e  up p er  r e a c h e s  o f  t h e  e s t u a r y .  E s t u a r i n e  d e p e n d e n t  s p e c i e s  
c o n t r i b u t e d  to  bulk o f  I n d i a ' s  mar ine  s h r i m p  l a n d i n g s  i n  t h e  i n i t i a l  
s t a g e s  o f  de ve lo pm en t  o f  e x p o r t  t r a d e  ( B a n e r j i ,  1 9 6 9 ) .
P r i o r  t o  the  c o m m i s s i o n i n g  o f  Thanneermukkom b u n d ,  an  average 
d a i l y  c a t c h  o f  5 t o n n e s  o f  sh r imps  was a v a i l a b l e  d u r i n g  t h e  summer 
months  (Kannan ,  197 9 ) .  The bund has  r e d u c e d  the  e x t e n t  o f  b ac kw at e r  
n u r s e r y  g r o u n d s  by 25%, w h i c h  led to  t h e  t o t a l  c o l l a p s e  o f  j u v e n i l e  
sh rimp f i s h e r y  o f  t h i s  r e g i o n  (Gopalan e t  a l . ,  19 83) .
The d e c r e a s e  in  a r e a  o f  the  b a c k w a t e r s  and i n c r e a s e  i n  th e  demand 
f o r  s h r i m p  has  r e s u l t e d  i n  a more i n t e n s i v e  e x p l o i t a t i o n  o f  b a c k w a t e r  
n u r s e r y  g r o u n d s  (Menon, 1 9 6 7 ) .  Th is  h a s  p r o b a b l y  l e d  t o  t h e  s h o r t a g e
o f  s h r i m p  s e e d s  i n  t h e  e s t u a r i n e  f a r m s ,  i n  which ,  r a t e  o f  p r o d u c t i o n  
ha s  b e e n  p r o g r e s s i v e l y  d e c l i n i n g  d u r i n g  t h e  p a s t  3 d e c a d e s .
V a r i o u s  t y p e s  o f  n e t s  such as  s t a k e  n e t s ,  c h i n e e s e  d i p  n e t s ,  
d r a g  n e t s ,  c a s t  n e t s  and i n d i g e n o u s  d e v i c e s  l i k e  ' P a c h i l '  ( P a n i k k a r ,  
1939; Menon,  1951; G o p i n a t h ,  1953; P a n i k k a r  and Menon, 1955)  
a r e  made u s e  o f  in  c a p t u r e  o f  prawns ;  b u t  th e  s t a k e  n e t  and d i p  n e t  
c a t c h e s  a r e  c o m p a r a t i v e l y  more a b u n d a n t  and may a c c o u n t  f o r  a 
s u b s t a n t i a l  p a r t  of  t h e  t o t a l .
R e l i a b l e  s t a t i s t i c s  a r e  l a c k i n g  a b o u t  t h e  t o t a l  p r o d u c t i o n  and 
i t  i s  d i f f i c u l t  a t  p r e s e n t  even to make an a p p r o x i m a t e  e s t i m a t e  o f  
th e  m a g n i t u d e  o f  a n n u a l  c a t c h  due to  l a c k  o f  d a t a .  I t  i s  n e e d l e s s  
to  s a y  t h a t  r e l i a b l e  s t a t i s t i c s  a r e  a p r e r e q u i s i t e  f o r  a n y  management 
p rogr am m e.  Management o f  t h e  b a c k w a t e r  p rawn f i s h e r y  i s  v e ry  i m p o r t a n t  
b e c a u s e  o f  i t s  f u n c t i o n a l  r e l a t i o n s h i p  w i t h  t h e  m a r i n e  prawn r e s o u r c e s  
and t h e  r o l e ,  i t  p l a y s  i n  s o c i o - e c o n o m i c  c o n d i t i o n  o f  t h e  i n l a n d  
f i s h e r m e n .
MATERIAL AND MHTHODS
Vembanad la k e  w h e r e  d e t a i l e d  i n v e s t i g a t i o n s  w e r e  c a r r i e d  o u t  i n  
p r e s e n t  s tu d y  s t r e t c h e s  between K o d u n g a l l o o r  in  n o r t h  t o  A l l a p u z h a  i n  
s o u t h  en co m pa s s i ng  an a r e a  o f  256 Sq.  Kms. ( S h e t t y ,  1 9 6 3 ) ,  That  l i e s  
i n  b e t w e e n  l a t i t u d e  o f  9 ‘’lO'  and 7 6 “ 2 9 '
N o r t h e r n  p a r t  o f  t h e  b a c k w a t e r s  ab o v e  Aroor  i s  g e n e r a l l y  r e f e r r e d  
t o  a s  t h e  Cochin b a c k w a t e r s ,  w h i l e  t h e  s o u t h e r n  p o r t i o n  i s  termed a s  
t h e  Vembanad b a c k w a t e r s .  N o r t h e r n  p o r t i o n  o f  t h e  l a k e  i s  n a r r o w e r  
and s o u t h e r n  p o r t i o n  i s  b r o a d e r .  Lake i s  c o n n e c t e d  t o  th e  sea m a i n l y  
a t  two p l a c e s  namely C o c h i n  and A z h i k o d e .  I n t e n s e  f i s h i n g  a c t i v i t y  
f o r  p r a w n s  u s i n g  s t a k e  n e t s  and C h i n e e s e  d i p  n e t s  t a k e  p l a c e  o n ly  
b e t w e e n  Azhikode  and Thanneerinukkam w h e r e  a d e q u a t e  t i d a l  f o r c e  i s  f e l t .  
The f i s h i n g  i s  n o t  a c t i v e  t o  th e  s o u t h  o f  Thanneermukkara bund due to  
t h e  l a c k  of  t i d a l  i n f l u e n c e  as  a r e s u l t  o f  th e  c o n s t r u c t i o n  of  bund 
a c r o s s  t h e  l a k e  to  p r o m o t e  paddy c u l t i v a t i o n .
The f r e s h  w a t e r  d i s c h a r g e  from r i v e r s  l i k e  P e r i y a r  and Ch a l ak ud y  
on t h e  n o r t h  and Pamba,  A c h a n k o v i l ,  Manimala ,  M e e n a c h i l ,  and 
M o o v a t t u p u z h a  in  t h e  s o u t h  make the  b a c k w a t e r s  t y p i c a l l y  e s t u a r i n e .  
S i n c e  b o t h  c o n n e c t i o n s  t o  t h e  sea a r e  s i t u a t e d  i n  n o r t h e r n  h a l f  o f  t h e  
b a c k w a t e r s ,  t h a t  s e c t i o n  i s  much more s a l i n e  than  t h e  s o u t h e r n  h a l f  
o f  t h e  b a c k w a t e r s .  W a t e r  above Chembu- P a n a v a l l i  a r e a  u p t o  Azhikoda
has a s a l i n i t y  v a r y i n g  f rom  23,31% t o  33.35% wi th  maximum a t  C o c h i n .  
D ur in g  monsoon s e a s o n  t h e  s a l i n i t y  may go down s h a r p l y .  I n  r e g i o n s  
below Vaikom t h e r e  i s  a g r a d u a l  d e c l i n e  s o u t h  wards  f rom a b o u t  18% 
a t  Vaikom down to  a b o u t  IC^  a t  th e  s o u t h e r n  most  end o f  t h e  l a k e  
o f f  A l l a p u z h a .  Water  becomes  almoiit  r r e s h  and i s  i n  a f l o o d e d  
c o n d i t i o n  f rom June  t o  S e p te m b e r  d u r i n g  t h e  s o u t h - w e s t  monsoon and 
th e  w a t e r  l e v e l  f a l l s  c o n s i d e r a b l y  a f t e r  n o r t h - e a s t  monsoon d u r i n g  
November and  December when t h e  w a te r  i n  d i s t i n c t l y  b r a c k i s h .
I n  t h e  l a k e ,  t h e  t i d e s  a r e  o f  mixed  s e m i d i u r n a l  t y p e .  V a r i o u s  
e n v i r o n m e n t a l  f e a t u r e s  s u c h  a s  t e m p e r a t u r e ,  s a l i n i t y ,  d i s s o l v e d  
oxyg en ,  pH, s e s t o n ,  n u t r i e n t s ,  a l k a l i n i t y  and c h l o r o p h y l l  a r e  g r e a t l y  
i n f l u e n c e d  by t i d a l  r h y th m  (Qasim and O o p i n a t h a n ,  1 9 0 3 ) .  The s u r f a c e  
s a l i n i t y  f l u c t u a t e s  f rom 1 . 4 0  to  33,51% and s u r f a c e  t e m p e r a t u r e  f a l l s  
w i t h i n  a r a n g e  28-31 C w i t h  an annual  f l u c t u a t i o n  o f  3 t o  4 C.
T h e r e  a r e  more t h a n  120 s p e c i e s  o f  p h y t o p l a n k t o n  ( e x c l u d i n g  
nano p l a n k t o n )  commonly o c c u r r i n g  in  t h e  l a k e .  Two p e a k s  o f  
p h y t o p l a n k t o n  abundance w e r e  o b s e r v e d - o n e  c o i n c i d i n g  w i t h  t h e  
e n r i c h m e n t  o f  w a t e r  d u r i n g  monsoon ( M a y - J u l y )  and t h e  o t h e r  d u r i n g  
p o s t - m o n s o o n  ( O c t o b e r - D e c e m b e r ) ,  Low s a l i n i t i e s  and h i g h  c o n c e n t r a t i o n  
o f  n u t r i e n t s  l e a d  to  an ab un d a n c e  o f  d i a t o m s  and low c o n c e n t r a t i o n  o f  
o t h e r  p h y t o p l a n k t o n .  C r u s t a c e a n s  c o n s t i t u t e s  more t h a n  90% o f  the  
t o t a l  a n n u a l  z o o p l a n k t o n  c o u n t s .
FISHERY
A l t h o u g h  more t h a n  a d o z e n  s p e c i e s  o f  prawns a r e  known to  
o c c u r  i n  t h e  l a k e ,  among t h e s e  major  c o m m er c i a l  i m p o r t a n c e  c o n t r i ­
b u t i n g  t o  r i c h  f i s h e r i e s  may be  m e n t io ne d  f o u r  s p e c i e s ,  n v u e l y ,  
M e ta o en ae u s  d o b s o n i . M. m o n o c e r o s . P e n a e u s  ^ n ^ c ^ . ^  and £ .  jnansdisn.
In  g e n e r a l ,  t h e  o c c u r r e n c e  o f  prawns i s  f a i r l y  good i n  s a l t  w a t e r  
s i d e  o f  t h e  l a k e  u p t o  t h e  b a r r a g e  b u t  beyond  t h i s  a r e a  t h e y  show 
sudden  d e c l i n e .  Among t h e  f o u r  s p e c i e s  o f  prawns M e t a o e n a e u s  d o b s o n i  
i s  t h e  m o s t  d o m i na n t  one  o c c u r r i n g  i n  t h e  l a k e .  I t  i s  f o u n d  t o  be 
d i s t r i b u t e d  a t  a l l  s a l i n i t y  g r a d i e n t s  on e i t h e r  s i d e  o f  t h e  b a r r a g e .  
D u r in g  monsoon p e r i o d  a m o d e r a t e  f i s h e r y  i s  o b s e r v e d  f o r  Macro brac h lu m 
r o s s e n b e r q i i .
F i n  f i s h  f i s h e r y  o f  Vembanad l a k e  c o m p r i s e  m a i n l y  E t r o o l u s  
s u r a t e n s i s . Muai l  c e p h a l u s .  L i z a  s p p . , Herai rhamphids ,  B r a c h i u r u s  
s p p . ,  T a c h v s u r u s  s u b r o s t r a t u s . L a te s  c a l c a r i f e r . L u t l a n u s  
a r q e n t i m a c u l a t u s  and W a l l a o o  a t t u  i n  t h e  o r d e r  o f  a b u n d a n c e .  However 
t h e r e  a p p e a r s  t o  be c o n s i d e r a b l e  change  i n  t h e  d i s t r i b u t i o n  p a t t e r n  
and a b u n d a n c e  o f  f i n f i s h e s  on e i t h e r  s i d e  o f  t h e  b a r r a g e  wh ich  was non 
e x t a n t  b e f o r e  t h e  b a r r a g e  became o p e r a t i o n a l .  The c a t c h e s  from 
n o r t h e r n  zone  co m p r i s ed  f i s h e s  o f  a h e t e r o g e n o u s  n a t u r e .  Even in 
summer p e r i o d  t h e  o c c u r r e n c e  o f  t y p i c a l  e s t u a r i n e  s p e c i e s  l i k e  S a l a r  
SLi lM,  g ^ r r e s  s p p . ,  L e j p g n a t h u s  s p p . ,  and L u t i a n u s  s p p .  a r e  r e s t r i c t e d  
t o  n o r t h e r n  z o ne .
The m o l l u s c a n  f i s h e r y  r e s o u r c e s  a r e  m a in ly  r e p r e s e n t e d  by t h r e e  
s p e c i e s  V i z .  V i l l o r i t a  c v p r i n o i d e s  v a r .  c o c h l n e n s i s  and  v a r ,  corn,ucopi_a 
which  s u p p o r t  a l a r g e  s c a l e  l i me  s h e l l  f i s h e r y  in  t h e  a r e a .
FISHING METHODS £Ktf>LOYSD FOR PRAWNS
S e v e r a l  t y p e s  o f  g e a r  a r e  used t o  c a t c h  prawns i n  Vembanad 
l a k e .  They can  be c l a s s i f i e d  main ly  u n d e r  3 h e a d s ;
l )  F i x e d  ty p e  o f  n e t s  
I I )  F r e e  n e t s  
I I I )  O t h e r s .
I .  F i x e d  n e t s : Ne ts  i n  t h i s  group a r e  f i x e d  to  some p e r m a n e n t  
s t r u c t u r e s  l i k e  s t a k e s  o r  f rame a t  t h e  t i m e  o f  o p e r a t i o n .  I m p o r t a n t  
n e t s  u n d e r  t h i s  group a r e  s t a k e  n e t s  and  d i p  n e t s ,  w h i c h  c o n t r i b u t e  
t o  t h e  m o s t  i m p o r t a n t  c o m m e r c i a l  f i s h e r i e s  o f  n o r t h e r n  h a l f  o f  
b a c k w a t e r s .
a )  S t a k e  n e t  ( K u t t i v a l a ,  U n n i v a l a ,  V a l u v a l a )
The s t a k e  n e t  i s  a l o n g  t a p e r i n g  c o n i c a l  b a g n e t  o f  15 m l e n g t h  
and 18 m c i r c u m t e r e n c e ,  made up o f  e i t h e r  c o t t o n  o r  n y l o n  t h r e a d  and 
mouth i s  s t r e n g t h e n e d  by a c o i r  o r  n y l o n  r o p e .  At t h e  mouth  r e g i o n  
the  mesh s i z e  i s  a b o u t  2 0 . 5 c m  fo l l o w e d  by 11.5cm and g r a d u a l l y  
d e c r e a s i n g  to  3 , 8  cm and 1 , 2 8  cm. There  a r e  4 c o i r  l o o p s  a t  f o u r  
c o r n e r s  o f  th e  n e t  i n  t h e  mouth r e g i o n  f o r  f i x i n g  t h e  n e t  to  a p a i r  o f  
p o l e s  o r  s t a k e s  d r i v e n  i n t o  bo t tom mud. Cod end can be  t i e d  up w i t h  
a p i e c e  o f  r o p e .

O p e r a t i o n ; The n e t  i s  o p e r a t e d  on ly  d u r i n g  t h e  ebb t i d e  i n  o r d e r  to 
p r e v e n t  t h e  d e s t r u c t i o n  o f  young ones  o f  p rawns  e n t e r i n g  t h e  b a c k w a t e r s .  
Depth o f  o p e r a t i o n  v a r y  f rom  3 to  5 m e t r e s  and f i s h i n g  g o e s  on 
p r a c t i c a l l y  th ro u g h  o u t  t h e  y e a r .
N e t  i s  f i x e d  i n  su ch  a  way t h a t  t h e  lo w er  p a r t  o r  f o o t  rope 
t o u c h e s  t h e  bo t t om  and h e a d  ro p e  l i t t l e  be l ow  t h e  w a t e r  s u r f a c e  
( t h i s  i s  t o  p r e v e n t  t h e  e n t r y  o f  f l o a t i n g  d e b r i s  i n t o  t h e  n e t ) .
U s u a l l y  a p o l e  i s  used  t o  p u s h  t h e  l o o p s  down a lon g  t h e  s t a k e s .  Net  
i s  s e t  a g a i n s t  th e  t i d a l  f l o w  soon a f t e r  t h e  ebb t i d e  h a s  s e t  i n .  N e t  
w i l l  r e m a i n  in  o p e r a t i n g  c o n d i t i o n  t i l l  t h e r e  i s  enough  t i d a l  f low to  
keep t h e  p raw ns  f l o w in g  i n t o  th e  n e t .  N e t  i s  h a u l e d  o u t  b e f o r e  t h e  
t i d e  r e v e r s e s ;  o t h e r w i s e  t h e  c a t c h  may f l o w  o u t  from t h e  n e t .
A c t u a l  o p e r a t i n g  t i m e  i s  between 3 p . m .  and 10 a . m .  Ne ts  a re  
o p e r a t e d  f rom Ekadasi  i n  b o t h  p h a s e s  o f  moon and may l a s t  up t o  5 t o
6 d a y s  a f t e r  new moon and f u l l  moon. Some t i m e s  n e t s  a r e  o p e r a t e d  
t h r o u g h  o u t  t h e  month w i t h o u t  i n t e r r u p t i o n  i n  r e g i o n s  n e a r  t h e  ba r  
mouth.  When t h e  c a t c h e s  a r e  v e r y  good ,  o p e r a t i o n s  a r e  done  i n  bo th  
e v e n i n g  and morn ing t i m e .  Every day t h e  t i me  of  o p e r a t i o n  w i l l  cha nge  
by a b o u t  45 m i n u t e s .  T h a t  i s ,  i f  a d a y  o p e r a t i o n  s t a r t s  a t  5 p . m . ,  
the  n e x t  d a y  the  o p e r a t i o n  w i l l  be g i n  a t  a round  5 . 4 5  p . m .
A c c o r d i n g  to  Menon ( l 9 5 5 ) ,  s t a k e  n e t  f i s h e r y  r e m a i n s  suspended  
when t h e r e  a r e  h igh  f l o o d s  d u r i n g  monsoon months  ( J u n e  t o  A ug u s t ) ,
b e c a u s e  o f  l i k e l i h o o d  o f  s w i f t  c u r r e n t  and f l o a t i n g  d e b r i s  damaging 
t h e  n e t s .  The c a t c h  o b t a i n e d  from an o p e r a t i o n  may v a r y  from 
200 gm t o  20 Kg.
Two p e r s o n s  and a s m a l l  b o a t  a r e  r e q u i r e d  f o r  t h e  o p e r a t i o n .
b )  Dip n e t : ( C h i n e s e  d i p  n e t ,  o r  Cheena v a l a  o r  Kamba v a l a )
I t  i s  a f i x e d  b a l a n c e d  l i v e r  d i p  n e t ,  l o c a t e d  s i n g l y  o r  in  
g r o u p s  b o t h  a long  t h e  s h o r e  and n e a r  s h o r e  in  s h a l l o w  w a t e r s .  S iz e  
o f  t h e  n e t  depends  on t h e  s i z e  o f  t h e  f rame work.  L a r g e r  ones a r e  
u s e d  i n  t h e  b a r  mouth r e g i o n  and s m a l l e r  ones  in  i n t e r i o r  a r e a s .  I t s  
s t r u c t u r e  has  been a d e q u a t e l y  d e s c r i b e d  by H o r n e l l  ( l 9 3 7 )  and 
P a n i k k a r  ( l 9 3 7 ) .  The g r e a t e s t  c o n c e n t r a t i o n  o f  t h i s  n e t s  a r e  found 
a t  a n d  a d j a c e n t  to  t h e  two ope n i n g s  o f  t h e  l a k e  i n t o  t h e  sea  a t  
Ern ak u la m and Munambam r e g i o n .
The n e t  l ook s  l i k e  a s q u a re  p i e c e .  But  i t  i s  a s m a l l  bag n e t  
w i t h  a w i d e  s q u ar e  m ou t h .  The mesh s i z e  v a r i e s  i n  d i f f e r e n t  p a r t s  
(20nun, 18nuii, 10mm and 7,5mm, from mouth  r e g i o n  to  cod e n d ) .  Net 
i s  made up o f  e i t h e r  c o t t o n  o r  ny l on  t h r e a d .
The f rame work f o r  a t t a c h i n g  t h e  n e t  i s  made up  o f  t e a k  o r  
Pu nna .  The t e ak  i s  c o s t l y  b u t  i t  w i l l  l a s t  f o r  a b o u t  6 t o  7 y e a r s .
Two to  Four p e r s o n s  o p e r a t e  t h e  n e t  b u t  a sm al l  n e t  g e n e r a l l y  
r e q u i r e s  o n ly  2 p e r s o n s .  A smal l  b o a t  i s  r e q u i r e d  f o r  f i x i n g  and
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rem ovi ng  t h e  n e t .  F or  p r a w n s ,  i t  i s  o p e r a t e d  o n l y  d u r i n g  n i g h t .  A 
p e t r o m a x  o r  e l e c t r i c  b u l b  i s  t i e d  to  t h e  f rame i n  such  a way t h a t  i t  
w i l l  hang  above  t h e  n e t .  T h i s  i s  t o  a t t r a c t  t h e  Prawns t o w a rd s  t h e  n e t ,
The t i m e  o f  o p e r a t i o n  i s  u s u a l l y  t h e  t u r n  o f  t h e  t i d e  f rom low 
t o  h i g h .  D u r a t i o n  o f  a s i n g l e  h a u l  may v a r y  f rom 5 m i n u t e s  t o  l / 2  h r  
d e p e n d i n g  on t h e  a v a i l a b i l i t y  o f  p r a w n s .  About  1 l i t r e  o f  k e r o s e n e  
i s  n e ed e d  f o r  a day  o p e r a t i o n .
A scoop  n e t  l o c a l l y  c a l l e d  ' B o a l s *  i s  u s ed  t o  t a k e  o u t  t h e  
c a t c h  f rom t h e  p o u c h .  One p e r s o n  w i l l  s t a n d  on t h e  K a l a s a n t h i  o r  
p i v o t  p o l e  and s c o o p  t h e  c a t c h  o u t .  B e s t  c a t c h  i s  o b t a i n e d  be t ween  
F e b r u a r y  and A p r i l  p e r i o d .  E x c e p t  a t  ba rmouth  r e g i o n  o p e r a t i o n s  a r e  
s u s p e n d e d  d u r i n g  monsoon s e a s o n s .
1 1 . F re e  N e ts
A p a r t  f rom t h e  above m e n t i o n e d  i m p o r t a n t  f i s h i n g  g e a r s ,  s e v e r a l  
o t h e r s  f a l l i n g  u n d e r  f r e e  n e t  c a t e g o r y  a r e  u s e d  f o r  c a t c h i n g  p r a w n s .
They a r e  c a s t  n e t ,  d r a g  n e t s ,  s e i n e  n e t s  and d r i f t  n e t s .
a )  C a s t  n e t  (Veechu V a l a )
C a s t  n e t  f i s h i n g  g oes  on m a i n l y  i n  n o r t h e r n  r e g i o n s  f o r  p e n a e i d  
p rawns  w h i l e  i n  s o u t h e r n  r e g i o n  i t  i s  o p e r a t e d  t o  c a t c h  f r e s h w a t e r  
p raw ns ,  namely  M ac rob rac h iu m  r o s e n b e r g i i  and M. i d e l l a .
S t r i n g e d  t y p e  o f  c a s t  n e t s  a r e  u s ed  i n  Vembanad Lake.  I t  i s  a 
b e l l  s hap ed  n e t  w e i g h t e d  u s i n g  l e a d  b e a d s  a l o n g  t h e  p e r i m e t e r .  The

c e n t r a l  l i n e  b r a n c h e s  o u t  i n t o  s e v e r a l  l i n e s  and s u b - l i n e s  and 
f i n a l l y  c o n n e c t e d  t o  t h e  b o r d e r  o f  t h e  n e t  which h e l p s  i n  h e a v i n g  
t h e  n e t  t o g e t h e r  so t h a t  t h e  p rawns  w i l l  n o t  e s c a p e .
O p e r a t o r  h o l d s  t h e  n e t  in  such a way t h a t  i t  c an  be  s k i l l f u l l y  
th r o w n  o u t  on t h e  w a t e r  t o  f a l l  h o r i z o n t a l l y  and e n c l o s e  th e  p r a w n s .  
The n e t  i s  h a u l e d  f i r s t  t a k i n g  t h e  l i n e  t h e n  t h e  f o l d e d  n e t  i s  
h a u l e d  i n s i d e .
From a s i n g l e  b o a t  one o r  two p e r s o n s  can o p e r a t e  t h e  n e t .  The 
p e r i o d  o f  o p e r a t i o n  i s  f rom 5 a .m.  to  2 p .m.
b )  Drag n e t  f i s h i n g ;
K o r u v a l a i I t  i s  a d r a g  n e t  employed  t o  c a t c h  p ra w ns  i n  s h a l l o w  
r e g i o n s  o f  th e  l a k e .  I t  h a s  a s q u a r e  shaped mouth (90 cm dep t h  x 
4m l e n g t h )  and 6m l o n g  t a p e r i n g  bag sh aped  body w i t h  v a r y i n g  mesh 
s i z e s  o f  20mm, 12mm, 10mm. Two s t i c k s  a r e  f i x e d  a t  b o t h  s i d e s  o f  t h e  
n e t .  The s t i c k s  ke ep  t h e  mouth i n  open  c o n d i t i o n .  I t  i s  d r ag ged  by 
two p e r s o n s  and c a t c h  w i l l  g e t  c o l l e c t e d  i n  the  cod e n d .  Ne t  i s  
o p e r a t e d  d u r i n g  ebb t i d e  d u r i n g  n i g h t .  O p e r a t i o n  may c o n t i n u e  f o r  
a b o u t  4 h o u r s .  Each h a u l  w i l l  t a k e  a b o u t  5 m i n u t e s .
c )  Vadi  v a l a ; T h i s  i s  a t r o u g h - s h a p e d  d r a g  n e t ,  employed to  
c a t c h  p r a w n s .  Ne t  i s  p a r t i a l l y  d o u b l e d  on i t s e l f  and l a c e d  up a t  
e a c h  end to  form a p o u c h .  The mouth i s  k e p t  open by s t i c k s  p l a c e d  
a t  i n t e r v a l s .  T h i s  t y p e  o f  n e t  i s  g e n e r a l l y  seen  i n  t h e  m id d le  and
lo w er  s t r e t c h e s  f rom A r o o k u t t y  down to  Thanneennukkam. I t  i s  
o p e r a t e d  e i t h e r  s i n g l y  o r  i n  g r o u p s  o f  two th r o u g h  o u t  t h e  y e a r  i n  
b o t h  n i g h t  and day t i m e  d u r i n g  ebb t i d e s .
S e i n e  n e t  f i s h i n g ; S e v e r a l  k in d  o f  s e i n e  n e t s  a r e  o p e r a t e d  in  th e  
b a c k w a t e r s  w i t h  s m a l l  v a r i a t i o n s .
d )  P a t t i k a n n i  v a l a  i s  w i t h o u t  a s c a r e  l i n e  used  f o r  c a t c h i n g  
p r a w n s .  D e t a i l e d  o p e r a t i o n  and s t r u c t u r e  have  been  a d e q u a t e l y  
d e s c r i b e d  by H o r n e l l  ( l 9 3 7 ) .  In some p l a c e s  t h i s  n e t  i s  c a l l e d  as  
Chemmeen v a l a .
e )  P e r u  v a l a  i s  a b o a t  s e i n e  o p e r a t e d  i n  s o u t h e r n  r e g i o n  m a i n l y  
i n  Kumara ka m-A l la puz ha .  I t  i s  a s m a l l  meshed n e t ,  w h ic h  i s  payed 
o u t  i n  c o n c e n t r i c  c i r c l e s  and t h e n  h a u l e d  u p .  Somet imes  t h e s e  
f i s h e r m e n  m i g r a t e  t o  n o r t h e r n  r e g i o n s  a l s o .
f )  D r i f t  n e t t (Chemmeen v a l a )  A d r i f t  n e t  l o c a l l y  c a l l e d  
Chemmeen v a l a ,  i s  u s e d  to  c a t c h  b i g g e r  s i z e d  Pe na eu s  i n d i c u s . This  
c a n  be  o p e r a t e d  d u r i n g  day  and n i g h t .  C a t c h e s  a r e  b e t t e r  d u r i n g  
n i g h t .  A sm al l  b o a t  i s  r e q u i r e d  f o r  o p e r a t i o n .
I I I .  O t h e r  methods
a )  C a n o e - t r a p  f i s h i n g  ( P a c h i l  Changadam o r  C h a n g a l a  P a y i k k a l )  
T h i s  method i s  m a i n l y  us ed  i n  m i d d l e  and u p p e r  s t r e t c h e s  o f  t h e  
l a k e .  T h i s  i s  o p e r a t e d  i n  s h a l l o w  r e g i o n s  f o r  c a t c h i n g  b i g g e r  s i z e d  
p r aw ns  m a i n l y  P e n a e u s  i n d j c u s . M eta pen ae us  d o b s o n l . M. m o n o c e r o s .

Thi s  method of  f i s h i n g  i s  b a s e d  on t h e  knowled ge  t h a t  t h i s  prawns 
l e a p  o u t  when d i s t u r b e d .
Two b o a t s  a r e  c o n n e c t e d  t o g e t h e r  by t y i n g  bamboo p o l e s  a c r o s s  
a n t e r i o r  and p o s t e r i o r  e n d s  i n  such a way t h a t  t h e  d i s t a n c e  between 
t h e  b o a t s  i s  a b o u t  1 to  l , 5n i ,  and i t  w i l l  a l s o  keep t h e  b o a t s  in  
t i l t e d  c o n d i t i o n  as  shown i n  t h e  p h o t o g r a p h  ( P l a t e  ) .  A long  
c h a i n  i s  c o n n e c t e d  t o  b o a t s  in  t h e  f r o n t  r e g i o n  l o o s e l y  so t h a t  
i t  w i l l  t o u c h  t h e  g r o u n d  and a c t  a s  s c a r e  l i n e .  As b o a t  moves,  th e  
c h a i n  s c a r e s  t h e  p rawn and t h e y  jump o u t  o f  th e  w a t e r  and f a l l  i n t o  
t h e  b o a t .  Twigs a r e  p l a c e d  i n s i d e  t h e  b o a t  to  p r e v e n t  t h e i r  e s c a p e .  
Now-a d a y s  a lamp i s  a l s o  p l a c e d  on the  p o l e s  c o n n e c t i n g  t h e  b o a t  to 
a t t r a c t  t h e  p r a w n s .
b ) Scoop  n e t  o r  V a t t a v a l a
T h i s  i s  a s m a l l  hand n e t  employed t o  c a t c h  p r aw ns  f rom sha l low  
p a r t s  of  t h e  l a k e .  I t  i s  made by b e n d i n g  f l e x i b l e  s t i c k  o f  bamboo 
p o l e  o f  2 to  3 m l e n g t h  and t y i n g  b o t h  e nd s  t o g e t h e r  w i t h  a r o p e .
A s m a l l  bag n e t  i s  a t t a c h e d  t o  t h i s  f r a m e .  A s i n g l e  p e r s o n  o p e r a t e s  
th e  n e t  by p u s h i n g  and l i f t i n g  a t  i n t e r v a l s  th r o u g h  w a t e r .
c )  Hand p i c k i n g ; T h i s  method i s  p r a c t i c e d  by women d u r i n g  l ow 
t i d e .  T h i s  can  be done d u r i n g  e v e n i n g  o r  e a r l y  m o rn i n g  h o u r s .  They 
keep a p o t  f l o a t i n g  o v e r  t h e  w a t e r  and t h e  c o l l e c t e d  p r a w n s  a r e  p u t  
i n t o  i t .  The d a i l y  c a t c h  v a r y  from 200 gm t o  1 Kg.
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d)  P_ad_aJ,: T h i s  i s  a c r u d e  method f o r  c a t c h i n g  p r a w n s .  A th re o  
s i d e d  p o u c h  i s  made by b r a i d i n g  c o c o n u t  palm l e a v e s  and  t w i g s .  This 
d e v i c e  c a n  be  p u t  in  s h a l l o w  w a t e r s .  T h i s  can be t a k e n  back  a long  
w i t h  t h e  p r a w n s  a f t e r  a few h o u r s .
JURVzY FOR ENUMERATING FIXHD NETS
F o r  p l a n n i n g  a p i l o t  s a m p l i n g  d e s i g n  i n  the  b e g i n n i n g  of  th e  
i n v e s t i g a t i o n ,  a q u i c k  s u r v e y  was c a r r i e d  o u t  t o  e n u m e r a t e  the  s t a k e  
n e t s  and  d i p  n e t s  o p e r a t e d  i n  the  a r e a .
A d i n g h y  made o f  f i b r e  g l a s s  f i t t e d  w i t h  15 H.P.  o u t b o a r d  
e n g i n e  was employed  f o r  3 d a y s .  B e s i d e s  t h e  i n v e s t i g a t o r ,  th e  
p e r s o n n e l  on b o a r d  i n c l u d e d  t h e  d r i v e r  and a h e l p e r .  Number and 
p o s i t i o n  o f  eac h  ty p e  o f  n e t  was n o t e d  down i n  t h e  map a v a i l a b l e  on 
h a n d .  :>urvey was p l a n n e d  and c o n d u c t e d  f o r  3 days  c o v e r i n g  th e  a r e a  
b e t w e e n  K o d u n g a l l o r e  and  Thanneermukkam.  The number so enumerated 
fo r m ed  t h e  b a s i s  o f  f u r t h e r  i n v e s t i g a t i o n .
DATA COLLECTION; On t h e  b a s i s  o f  t h e  number o f  n e t s  o p e r a t e d  and 
t o p o ' j r a p h y ,  t h e  f i s h i n g  a r e a  has  be en  s t r a t i f i e d  i n t o  7 s t r a t a  (zones ,
-Since heavy  c o n c e n t r a t i o n  o f  n e t s  i s  o b s e r v e d  i n  zone  2 and 
zon e  3 ,  t h e s e  two s t r a t a  w er e  s e l e c t e d  f o r  d e t a i l e d  i n v e s t i g a t i o n s .  
From two s t r a t a  5 c e n t r e s  w er e  s e l e c t e d  p r o p o r t i o n a t e  t o  t h e  number 
o f  o p e r a t i n g  u n i t s .  Th u s ,  one  c e n t r e  was s e l e c t e d  a t  r andom from 
z o n e  2 and  4 c e n t r e s  f r o m  zone  3.  From t h e s e  s e l e c t e d  c e n t r e s ,  a few

n e t s  w e r e  r a n d o m ly  s e l e c t e d  e v e r y  day  f o r  d e t a i l e d  i n v e s t i g a t i o n s .
The number  o f  n e t s  so s e l e c t e d  v a r i e d  f r o m  c e n t r e  to  c e n t r e ,  b u t  was 
k e p t  c o n s t a n t  in  a g i v e n  c e n t r e .  The p r e l i m i n a r y  d a t a  c o l l e c t i o n  
s p a n n e d  f o r  a p e r i o d  o f  t h r e e  mo n th s .  D a t a  were c o l l e c t e d  as p e r  a 
p r o f o r m a  (Appendi) i- I  ) .
The d a t a  w er e  c o l l e c t e d  on c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s  of 
p r a w n s  V i z ,  P en ae u s  i n d i c u s . £ ,  monodon . Metaoenaeus  monoc eros .
M. d o b s o n i  and  f i s h .  The q u a n t i t y  o f  f i s h  i n c l u d i n g  prawn was 
a c c o r d e d  i n  r e s p e c t  o f  e a c h  n e t  o b s e r v e d .
The d a t a  c o l l e c t i o n  was  a s s i g n e d  t o  s p e c i a l l y  s e l e c t e d  e n u m e r a t o r s  
who w e r e  g i v e n  t r a i n i n g  f o r  a p e r i o d  o f  3 d a y s .  Q u a l i t y  o f  d a t a  was 
e n s u r e d  by r e g u l a r  i n s p e c t i o n .  The f i s h  and prawns l a n d e d  used to  
b e  d i s p o s e d  o f f  i m m e d i a t e l y  ( o r  i n  t h e  m o rn i n g )  a f t e r  s o r t i n g  and 
w e i g h i n g .  Hence o b s e r v i n g  t h e  w e i g h t  o f  i n d i v i d u a l  s p e c i e s  i s  
e a s i l y  p o s s i b l e ,
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The d a t a  were  s u b j e c t e d  to  d e t a i l e d  s t a t i s t i c a l  a n a l y s i s  as 
f o l l o w s .  The number o f  n e t s  o b s e r v e d  a t  d i f f e r e n t  s t a t i o n  v a r y  from 
s t a t i o n  to  s t a t i o n  and f r o m  month to  m o n t h .  To f a c i l i t a t e  compar i son 
b e t w e e n  s t a t i o n s  and b e t w e e n  mon ths ,  t h e  c a t c h  p e r  u n i t s  i n  r e s p e c t  
o f  d i f f e r e n t  s p e c i e s  o f  p r a w n s  and f i s h  was o b t a i n e d  by d i v i d i n g  t h e  
t o t a l  c a t c h  by number o f  u n i t s  o p e r a t e d .  The r e s u l t a n t  d a t a  were 
s u b j e c t e d  t o  d i f f e r e n t  a n a l y s i s .
B e f o r e  a t t e m p t i n g  s a m p l i n g  on any p o p u l a t i o n ,  i t  i s  e s s e n t i a l  
t o  have  some i d e a  a b o u t  v a r i a b i l i t y  p r e s e n t  i n  t h e  p o p u l a t i o n  i n
r e s p e c t  o f  t h e  t a r g e t  c h a r a c t e r i s t i c s .  The p r e s e n t  s t u d y  c o n t e m p l a t e s  
m a i n l y  e s t i m a t i o n  o f  t h e  p r o d u c t i o n  o f  j u v e n i l e  prawns f rom th e  
Vembanad l a k e .  The main  s p e c i e s  o f  p r a w n s  o c c u r r i n g  i n  t h e  l a ke  a re  
■V.etapcnaeus d o b s o n i . _M. r o o n o c e r o s . P e n a e u s  i n d i c u s . P .  monodon. In 
a d d i t i o n  to  p r aw ns  a v a r i e t i e s  o f  f i s h  a l s o  o c c u r  in  t h e  c a t c h e s .
Theso r e s o u r c e s  m a n i f e s t  a l o t  o f  v a r i a b i l i t y  over  t i m e  and sp ac e .
T h ■ e f f i c i e n c y  o f  s a m p l i n g  d e s i g n  m a i n l y  d e p e n d s  upon i n c o r p o r a t i n g  
t h e  q u a n t i f i e d  i n f o r m a t i o n  on t h e  v a r i a b i l i t y  p r e s e n t .  The t o t a l  
amount  o f  v a r i a b i l i t y  p r e s e n t  i n  the  p o p u l a t i o n  i s  r e p r e s e n t e d  by t h e  
q u a n t i t y  b a s  d e f i n e d  i n  s e c t i o n  1.
O f t e n  t h e  v a l u e  o f  i s  n o t  known. Hence an e s t i m a t e  o f  i s  
o b t a i n e d  f r o m  t h e  samp le  a s  d e f i n e d  i n  S e c t i o n  1 .  A l s o  i n  e ns ur in g  
e f f e c t i v e  r e p r e s e n t a t i o n  o f  t h e  p o p u l a t i o n  i n  t h e  sam p le  th e  
i n f o r m a t i o n  on v a r i a b i l i t y  i s  e s s e n t i a l .  For  example i t  i s  common 
k n o w l e d g e  t h a t  t o  e s t i m a t e  any p a r a m e t e r  w hic h  d oes  n o t  v a r y  too much, 
we n e e d  o n l y  a few o b s e r v a t i o n s  i n  t h e  samp le  w h i l e  i f  t h e  v a r i a b i l i t y  
i s  to o  l a r g e ,  we may r e q u i r e  p r o p o r t i o n a t e l y  a l a r g e  s a m p l e .  B e s i d e s ,  
t h e  s a m p l i n g  t h e o r y  d em an ds  a knowledge  o f  f o r  a r r i v i n g  a t  
a p p r o p r i a t e  sample  s i z e .  From th e  d a t a  c o l l e c t e d  was e s t i m a t e d  f o r  
e a c h  s p e c i e s ,  each month a n d  each  s t a t i o n ,  Homogi ne i ty  o f  th e  
v a r i a n c e  w as  t e s t e d  by ” B a r t l e t t ? s  t e s t "  a s  e x p l a i n e d  i n  s e c t i o n  2.
The s p e c i e s  m e n t i o n e d  i n  th e  s tu d y  do m a n i f e s t  a l o t  o f  
v a r i a t i o n  f r o m  c e n t r e  t o  c e n t r e .  In o r d e r  t o  s t a t i s t i c a l l y  a s c e r t a i n  
w h e t h e r  t h e  c a t c h e s  w e r e  o f  same m a g n i t u d e  i n  a l l  s t a t i o n s  i n  r e s p e c t  
o f  a l l  t h e  g r o u p s  s t u d i e d  a n a l y s i s  o f  v a r i a n c e  was d o n e .  B e s i d e s ,  
t h e  a n a l y s i s  o f  v a r i a n c e  t a b l e  p r o v i d e s  an i c e a  abo ut  t h e  p r o p o r t i o n a l  
d i f f e r e n c e s  i n  t h e  amount  o f  v a r i a t i o n  p r e s e n t  between t h e  s t a t i o n s  
and  b e t w e e n  n e t s  w i t h i n  s t a t i o n s .  Method o f  a n a l y s i s  o f  v a r i a n c e  i s  
g i v e n  i n  t h e  s e c t i o n  3.
The d a t a  on c a t c h  p e r  n e t  were p o o l e d  i n  r e s p e c t  o f  eac h  
s p e c i e s  a t  e a c h  c e n t r e  f o r  ea c h  month.  From the  r e s u l t i n g  d a t a  the 
p e r c e n t a g e  c o n t r i b u t i o n  o f  t o t a l  prawns and f i s h  were a r r i v e d  a t .  
B e s i d e s ,  t h e  p e r c e n t a g e  c o n t r i b u t i o n  o f  e a c h  s p e c i e s  t o  t o t a l  prawn 
c a t c h  a l s o  was  a r r i v e d  a t .  The r e s u l t a n t  d a t a  were s u b j e c t e d  to 
a n a l y s i s  o f  v a r i a n c e  t o  a s c e r t a i n  w h e t h e r  t h e  c a t c h  p e r  u n i t  was 
u n i f o r m  o v e r  t ime  and s p a c e .  The c a t c h  p e r  u n i t  o p e r a t i o n  a r r i v e d  
a t  as m e n t i o n e d  i n  f i r s t  p a r a g r a p h  were  s u b j e c t e d  to s t a t i s t i c a l  
a n a l y s i s  t o  a s c e r t a i n  w h e t h e r  any l i n e a r  t r e n d  e x i s t e d  i n  t h e  p r o d u c t i o n  
a s we move f rom b a r  mouth t o  i n t e r i o r  a r e a s .  The e x i s t a n c e  o f  l e n e a r  
t r e n d  was  a s c e r t a i n e d  s t a t i s t i c a l l y  by l i n e a r  r e g r e s s i o n  a n a l y s i s  
by  th e  m e t h o d  o f  l e a s t  s q u a r e s  a s s i g n i n g  s e r i a l  number 1 t o  5 to  
t h e  s t a t i o n s  s t a r t i n g  f r o m  b a r  mouth.  S i g n i f i c a n c e  o f  t h e  t r e n d  
was t e s t e d  by * t  ’ - t e s t .  Method i s  g i v e n  i n  s e c t i o n  5 .
On t h e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d  and some p r a c t i c a l  
c o n s i d e r a t i o n s  a p i l o t  s u r v e y  was p l a n n e d  and e x e c u t e d .  Zone 
number 3 w h i c h  has  t h e  maximum number o f  s t a k e  n e t s  was s e l e c t e d  
f o r  d e t a i l e d  i n v e s t i g a t i o n ,
A two s t a g e  s a m p l i n g  scheme was a d o p t e d  w i t h  row o f  n e t s  as 
p r i m a r y  s t a g e  u n i t  (P S U) and a n e t  a s  s e c o n d a r y  s t a g e  u n i t  S U).  
10^ o f  PSU and w i t h i n  t h e  s e l e c t e d  PSU, 20% o f  the  SSU w e r e  s e l e c t o d  
f o r  d e t a i l e d  i n v e s t i g a t i o n .  The d a t a  c o l l e c t e d  in p i l o t  s u r vey  
wer«i a l s o  a n a l y s e d  to  a r r i v e  a t  s u i t a b l e  sampl ing  d e s i g n .
DIP N^T FISH-RY
The d i p  n e t  f i s h e r y  w a s  n o t  a c t i v e  d u r i n g  th e  p e r i o d  o f  s tud y .  
However  t h e  f i s h e r y  r e s u m e d  in  Sep tember  and d a t a  w er e  c o l l e c t e d  on 
t h i s  f i s h e r y  in  S ep te mb er  u s i n g  a two s t a g e  sam pl ing  d e s i g n .  The 
e n t i r e  r e g i o n  was d i v i d e d  i n t o  c l u s t e r s  o f  n e t s  on t h e  b a s i s  o f  th e  
t o p o g r a p h y  and a l s o  on t h e  b a s i s  o f  d i s t r i b u t i o n  o f  d i p  n e t s  as  
a r r i v e d  a t  by t h e  i n i t i a l  s u r v e y .  In  t h e  p r e s e n t  s t u d y  o n ly  d ip  
n e t s  a v a i l a b l e  i n  zone 3 w e r e  c o n s i d e r e d .  However e x t e n s i o n  to  the 
e n t i r e  l a k e  a r e a  i s  s t r a i g h t f o r w a r d .  In  t h e  zone c o n c e r n e d  however 
f o r  t h e  s t u d y  t h e  e n t i r e  c l u s t e r s  w er e  i n c l u d e d  in  t h e  samp le .  W i th in  
c l u s t e r  n e t s  were s e l e c t e d  w i t h  a s a m p l i n g  p r o p o r t i o n  o f  10%.
METHOD OF ANALYSIS
Sr.CTION -1
V a r i a n c e  E s t i m a t e :
L e t  a s a m p l e  of  n o b s e r v a t i o n s  bo d raw n and o b s e r v a t i o n s  be
X , , X . . . .  X from a p o p u l a t i o n  o f  N u n i t s  X , X , X . . . . X  
 ^ o n i ^ o N
w i t h o u t  l o s s  o f  g e n e r a l i t y .  Then the  p o p u l a t i o n  Mean s q u a r e  e r r o r  
M S E ■  d e f i n e d  as
o 1 N ~ o
 ^ ^  ( x i  -  t r
tr r  ,
(N-1 )
^  Xi^_ ( Xi ) '  
■ N
Where  X = the p o p u l a t i o n  mean g i v e n  by 
X = ^1 + >^ 2
N
1
P ^ 1
w i t h o u t  l o s s  or  j ^ - n e r a l i t y ,  l e t  X^, X^,  . . .  X^ be a s am pl e  th e n  an 
e s t i m a t e  o f  i s  g i v e n  by
n - 1  Tt 
Where 1. ___ : ^ ^ i '  samp le  mean.
N iri
H o m o g e n e i t y  o f  t h e  v a r i a n c e s  f o r  d i f f e r e n t  c l a s s e s  i s  t e s t e d  
by B a r t l e t t ' s  -  t e s t  o f  h o m o g e n e i t y  o f  v a r i a n c e s .
■uCTION-2
D^RTLcTT'S - T e s t  o f  h o m o g e n e i t y  o f  v a r i a n c e
L e t .-2 ,21 » ^2 *'  * ^  v a r i a n c e s  e s t i m a t e d  f rom a c l a s s e s
w i t h  n^ , n ^ ,  . . . .  n d e g r e e s  o f  f r e e d o m .  Compute t h e  f o l l o w i n g
M = ( £ l  n i )  log  ? - : g ^ n l l o g  S i^_  
Where f ; ^ = : £ n i S i ^  /  ST n i  
1
and C = 1 +
3(a-1  )
1 1
n i n i  —I
Then ' : ;hi-  s q u a r e  = M/c f o l l o w s  c h i - s q u a r e  d i s t r i b u t i o n  w i th  
( a-1 ) d e g r e e s  o f  f r e e d o m .
C o n c l u s s i o n s  can be d r aw n  by r e f e r r i n g  to  C h i - s q u a r e  t a b l e  fo r  
ch o s e n  l e v e l  o f  c o n f i d e n c e .
£ l:CTION - 3
A n a l y s i s  o f  V a r i a n c e
(One way c l a s s i f i c a t i o n ;  U n e q u a l  O b s e r v a t i o n s  p e r  c l a s s )  
Method ; L e t  t h e  d a t a  be  c l a s s i f i e d  i n t o  * 0 '  c l a s s e s .  L e t  th e
number o f  o b s e r v a t i o n  i n  
Data l a y  o u t  w i l l  be a s
d i f  f e r e n t  
f o l l o w s :
c l a s s e s  be n^, f  n •2 o c
C l a s s  
O b s e r v a  t i o n 1 2 3 c T o t a l
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STEP-1
L e t  d e n o t e  t h e  j  o b s e r v a t i o n  i n  th e  i ^ ^  c l a s s .
F i n d  t h e  sum o f  a l l  o b s e r v a t i o n s  u n d e r  d i f f e r e n t  c l a s s e s  
s e p a r a t e l y .
Then l e t
n
I
n2
.  X I) 
X 2]
r. TEP-3
n I
X
STfcP - 2  F i n d  t h e  g r a n d  t o t a l  G =
X i
C = l
L e i  N = ni n2 -t- n 3
n I
X ij
F i n d  t h e  c r u d e  sum or  s q u a r e s  CRSS = x ij2
C o r r e c t i o n  f a c t o r  CF N
1=1 j=i
C o r r e c t e d  t o t a l  sum o f  s q u a r e s  TSS = CRSS -  CF
CRSS -
Sum o f  s q u a r e s  due  t o  c l a s s e s  (CSS)
Xi '
-  CF
Sum of s q u a r e s  due to  e r r o r  = TSS -  CSS
s e t  up a n a l y s i s  o f  v a r i a n c e  t a b l e  a s  f o l l o w s ;
SOURCc DF S.S MSS F
SS due t o  c l a s s C-1 CSS CSS 
( C - 0  
= MCSS
F = MCSS 
McSS
SS due t o  e r r o r 2 : n ^ - c TSS-CSS 
= ESS MESSc= ESS 
2 : n ^ - c
TOTAL SS TSS
n
c
F -  v a l u e  o b s e r v e d  i n  c o m p a r e d  a g a i n s t  t a b l e  v a l u e  o f  F f o r  (C -1) 
and ( 2 ^ n ^ - c )  d e g r e e s  o f  f r e e d o m  and c o n c l u s i o n  a r e  d r a w n .
DF = D e g r e e s  o f  f r e e d o m  
SS =£ Sum o f  s q u a r e s  
MSS = Mean sum o f  s q u a r e s
MICSS = Mean c l a s s  sure o f  s q u a r e  
MtSS = Mean e r r o r  sum o f  s q u a r e s
ScCTION - 4
F i t t i n g  L i n e a r  T re n d  by  t h e  Method o f  L e a s t  Sq uar es
L e t  t h e  s t a t i o n s  b e  a s s i g n e d  s e r i a l  number  1, 2 ,  . . . »  n
l e t  t h e  c a t c h e s  o b t a i n e d  from s t a t i o n  -
l » 2 j 3 » . . » j  n be  ^2* ^3 ***
The d a t a  a r e  a r r a n g e d  as  f o l l o w s
S t a t i o n C a t c h
1
2
^^ 2
3
^ 3
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.
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n Xn
The l i n e a r  t r e n d  i s  f i t t e d  by t h e  f o l l o w i n g  r e g r e s s i o n  f u n c t i o n .  
X = a + b t ,  where  X i s  t h e  c a t c h  and ' f  i s  th e  number  of
s t a t i o n .
th e  s l o p e  o f  t h e  l i n e  ' b ' i s  found o u t  by
X x i t i  — ^  xi  ^ ' t i
,--1 i = 1
n
b = -----
^ : t i ^  -  ( ^ t i J ^  
n
::cCTiON - 5
* t '  -  t e s t  f o r  s l o p e  o f  th e  r e g r e s s i o n  *b* 
Compute  t h e  f o l l o w i n g
1. D e v i a t i o n  sum of  s q u a r e
o ’ • * • ( s: x i ) ( -c t i ) j
o ■- „  ^  • \ 2  n  , -s: x i t i  -  M _____ i_ 4 ----------1—  I2 ( - c  x i )  I I - r:
d x  =  X I  -  _ — -----------  —
sC t i ‘- -  ( s:' t i  )2
2
An e s t i m a t e  o f  t h e  p o p u l a t i o n  v a r i a n c e  c—  i s  o b t a i n e d  a s  
^ -  ________________  dx
X
n -  2
A 2
t i  -  ( = C t i ) ^
SE ( b )  = J  ^  ( b )
^ ( n - 2 )  d f  = ^
SE (b)
O bse rve d  ' t '  i s  compared w i t h  t a b l e  v a l u e  o f  ' t '  f o r  (n -  2 )  d f  
a t  c h o s e n  l e v e l  o f  s i g n i f i c a n c e .
R : £ S U L T S  A N D  D I S C U S S I O N
A s u r v e y  was c o n d u c t e d  t o  s t u d y  t h e  number  and c o n c e n t r a t i o n  of 
f i x e d  n e t s  i n  t h e  l a k e .  On t h e  f i r s t  d a y  o f  survey  a r e a  be tw ee n  
Vypeen an d  K o d u n g a l l o o r  was  c o v e r e d .  Maximum c o n c e n t r a t i o n  of  s t a k e  
n e t  was o b s e r v e d  b e t w e e n  V yp een  and Ed a va na ka d  and a l s o  i n  t h e  
e a s t e r n  s i d e  o f  V a l l a r p a d o m  i s l a n d .  Dip n e t s  were s p a r s e l y  d i s t r i b u t e d  
i n  t h i s  a r e a .  In  th e  e a s t e r n  s i d e  b o t h  t y p e s  o f  n e t s  w e r e  a b s e n t .
Heavy c o n c e n t r a t i o n  o f  d i p  n e t s  were  s e e n  i n  th e  r e g i o n  be t wee n  
Munambam and c d a v a n a k a d ,  n e a r  t h e  b a r  mouth r e g i o n  and i n  t h e  t i d a l  
c a n a l  t h a t  i s  g o i n g  to  s o u t h e r n  s i d e  n e a r  t h e  b a r  mouth.
On t h e  second  day t h e  r e g i o n  b e t w e e n  Th e var a  and Thanneermukkom 
was c o v e r e d .  Heavy c o n c e n t r a t i o n  of s t a k e  n e t s  were o b s e r v e d  in  the 
a r e a  b e t w e e n  Thevara  and  Pe rumbalam .  A lo n g  the  long s t r e t c h  of narrow 
b a c k w a t e r s  e x t e n d i n g  b e t w e e n  V a y a l a r  e a s t  and A r u k u t t y ,  b o t h  types  
o f  n e t  w e r e  found  s p a r s e l y  d i s t r i b u t e d .
On t h e  3 r d  day of  a r e a  w e s t  o f  ^ a c o c h i n  b r i d g e  was su rv ey ed ,  
d i p  n e t s  w e r e  o b s e r v e d  a l l  a l o n g  the  s i d e s  and a few rows  o f  s t ake  
n e t s  w e r e  s e e n  a t  the  mouth  r e g i o n .
[ i a sed  on th e  s u r v e y  th e  whoi - i - x e  was d i v i d e d  i n t o  7 zones  
and t h e  n e t s  p r e s e n t  i n  e a c h  zone i s  g i v e n  i n  th e  t a b l e  ( l ) .
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Fig 1 M a p  showing d i f  f e r e n t  zones
I t  c a n  be s een  f r o m  t h e  t a b l e  t h a t  maxirnum number o f  s t a k e  n e t  
p o i n t s  i s  i n  t h e  r e g i o n  b e t w e e n  V e n d u r u t h y  and Aroor  ( z o n e  3) 
f o l l o w e d  by zone 6 ( P e ru m b a l a m  to Vaikora) and th e  l e a s t  i s  a v a i l a b l e  
i n  t h e  z o n e  7 t h a t  i s  Va ik om  t o  Thanneermukkam bund.  The number 
o f  n e t s  p e r  row a l s o  v a r y  f r o m  zone to  z o n e .  Maximum number  o f  n e t s  
p e r  row i s  o b s e r v e d  i n  z o n e  3 (5 3 / r o w )  and i s  f o l l o w e d  by zone
7 ( 4 8 / r o w ) .  The l e a s t  i s  o b s e r v e d  i n  z o n e  ( l )  -  11 n e t s / r o w .  This 
i s  b e c a u s e  n o r t h e r n  r e g i o n  i s  c o m p a r a t i v e l y  narrow w h i l e  t h e  s o u t h e r n  
r e g i o n  i n  b r o a d e r .
O u t  o f  t o t a l  8103 s t a k e  n e t s  o b s e r v e d ,  zone-1 a c c o u n t s  f o r  
z o n e  2 -  14.6%, z o n e  3 -49 .6 %,  zo ne  4 - 2 .4 % ,  zone 5 - 6 . 5 % ,  
zone  6 -  19 .5% and zone 7 -  3%.
In  g e n e r a l ,  c e n t r a l  p o r t i o n  i s  h a v i n g  heavy c o n c e n t r a t i o n  of 
n e t s  e x c e p t  i n  zone 4 ( - d a c o c h i n  to K u m b a l a n g i )  where o n l y  9 rows 
a r e  p r e s e n t .  Th is  i s  b e c a u s e  t h e  a r e a  i s  a l m o s t  c l o s e d  w i t h  narrow 
mouth an d  w i t h  l e s s  t i d a l  i n f l u e n c e .  The number p e r  row de pen ds  on 
t h e  e x p a n s e  o f  th e  w a t e r  bo dy  and t i d a l  f o r c e .
I t  c o u l d  be seen  t h a t  t h e  maximum c o n c e n t r a t i o n  o f  d i p  n e t s  
i s  in  t h e  z o n e - 1  (534)  f o l l o w e d  by z o n e - 3  ( 2 8 3 ) .  The l e a s t  number 
( l a )  n e t s  i s  o b s e r v e d  i n  z o n e  4.
I t  c o u l d  be s een  t h a t  w h i l e  zo ne- 1  a c c o u n t s  f o r  o n l y  4.4?^ 
o f  t h e  t o t a l  s t a k e  n e t s  i n  t h e  a r e a  i t  a c c o u n t s  f o r  38,3% o f  the  
d i p  n e t s .  I n  z o n e - 2  s t a k e  n e t s  a c c o u n t s  f o r  14.6% and d i p  n e t s
11.0%'. W h i l e  49.6% o f  t h e  s t a k e  n e t s  and 20.3% of  d i p  n e t s  a r e  
found i d  z o n e - 3 .
The p a t t e r n  o f  d i s t r i b u t i o n  of  n e t s  i n  zone-4  i s  s i m i l a r  to 
t h a t  o f  z o n e  one w i t h  2 .4 %  o f  s t a k e  n e t s  and  12.6% o f  d i p  n e t s .
Zone 5 a c c o u n t s  f o r  6 .5% o f  s t a k e  n e t s  and 4.5% of  d i p  n e t s .  Zone 
6 and 7 a c c o u n t  f o r  19.5% an d  3% of  s t a k e  n e t s  r e s p e c t i v e l y ,  wh i le  
t h e s e  two z o n e s  a c c o u n t  f o r  12% and 12.5% o f  d i p  n e t s  r e s p e c t i v e l y .
The s t u d y  s t a r t e d  w i t h  a h y p o t h e s i s  t h a t  a l i n e a r  t r e n d  might  
be  d i s c e r n a b l e  i n  th e  c a t c h e s  a s  we move f rom b a r  mouth t o  i n t e r i o r  
r e g i o n s ,  s i n c e  t h e  e f f e c t  o f  t i d e s  may be  l e s s  f e l t  a s  we p r o g r e s s .
B u t  t h e  a n a l y s i s  on c a t c h  p e r  o p e r a t i o n  d i d  n o t  r e v e a l  a n y  t r e n d  in  
r e s p e c t  o f  J u l y  and A u g u s t .  I t  m ig h t  be  m e n t i o n e d  t h a t  t h e  f i s h e r y  
was v e r y  p o o r  in  t h e s e  two m o n th s .  Wi th  commencement o f  a c t i v e  f i s h i n g  
i n  S e p t e m b e r ,  t h e  t r e n d  i n  t h e  f i s h e r y  a l s o  has  u n d e r g o n e  co n s p ic u o u s  
c h a n g e .  The d a t a  c o l l e c t e d  on M e t a o e n a e u s  do bs on i  i n  Sep te mbe r  when 
s u b j e c t e d  t o  a n a l y s i s  r e v e a l e d  a c l e a r  d e c r e a s i n g  t r e n d .  Need le ss  
to  m e n t i o n  M. d o b s o n i  r e m a i n s  t h e  m a i n s t a y  in  t h e  f i s h e r y  th r o u g h o u t  
and c o n s t i t u t e s  n e a r l y  80% o f  the  t o t a l  p r aw ns  and t h i s  d e t e r m i n e s  
t h e  t r e n d  o f  o v e r  a l l  c a t c h e s .
lAELc 2 :  e s t i m a t e d c a t c h  (Kqs)  o f  o r a w n s  and f i s h  in z o n e  2
d u r i n a  J u l y  t o  S ep te m ber  1990.
J u l y Zone-2 Zone-3
T o t a l  c a t c h 67938 241140
T o t a l  p r a w n s 29530 149593
T o t a l  f i s h 18408 91547
A u a u s t
T o t a l  c a t c h 37622 125080
T o t a l  p r a w n s 26045 71214
T o t a l  f i s h 11577 53866
S e n t e m b e r
T o t a l  c a t c h 151628 332298
T o t a l  p r a w n s 135754 271015
T o t a l  f i s h 15874 61283
R e s u l t s  o f  o r e l i m i n a r v  s u r v e y
The d a t a  c o l l e c t e d  f rom  5 c e n t r e s F i g . 2  were s t a t i s t i c a l l y  
a n a l y s e d  t o  a s c e r t a i n  w h e t h e r  t h e r e  i s  any d i f f e r e n c e  be t wee n  
c e n t r e s  i n  t h e  c a t c h e s  o f  p rawns  and f i s h .  In  Vypeen i t  was 
o b s e r v e d  i n  t h e  month o f  J u l y ,  one u n i t  o f  o p e r a t i o n  r e a l i z e d  a 
t j - ; a l  c a t c h  of  1 .34 Kg t o t a l  f i s h  o u t  o f  which 0 . 8 3  Kg. was prawns 
and 0 . 5 1  Kg.  f i s h .  A p r e l i m i n a r y  e s t i m a t e  o f  the  t o t a l  f i s h  ca tc h  
i n  t h e  z o n e  showed t h a t  t h e  t o t a l  c a t c h  i n  J u l y  in  Vypeen zone was 
67938  Kg.  w i t h  a c o m p o s i t i o n  o f  29530 Kg. prawns  18408 Kg. o f  f i s h ,
In  t h e  month o f  A u g u s t s  t h e  a v e r a g e  c a t c h  r e a l i z e d  a t  Vypeen 
was 1 . 0 2 5  Kg.  which  was  c o n s t i t u t e d  o f  0 . 7 1 0  Kg. o f  p r a w n s  and 
0 . 3 1 5  Kg.  o f  f i s h .  The t o t a l  c a t c h  i n  A u g u s t  i n  t h i s  z o n e  was 
e s t i m a t e d  a s  37622 Kg. w h i c h  c o m p r i s e d  2 6 045  Kg. of  p r a w n s  and
1 1577 Kg.  o f  f i s h .
I n  S e p t e m b e r  t h e  u n i t  o p e r a t i o n  r e a l i z e d  a t o t a l  c a t c h  of  
4 . 2 7  Kg.  o u t  o f  which  p r a w n s  had a s h a r e  o f  3 . 8 2  Kg. complemented  
by 0.45 Kg.  f i s h .  The t o t a l  c a t c h  f o r  t h e  month o f  S ep te m ber  was 
151628 Kg.  w i t h  a c o m p o s i t i o n  o f  135754 Kg.  prawns and 15874 Kg. f i s h ,
U n i t  o p e r a t i o n  i n  z o n e  3 r e a l i z e d  a c a t c h  o f  1 . 9 3  o u t  o f  which 
t h e  s h a r e  o f  p rawns  was  1 , 2 0  Kg. co m ple m ent ed  by 0 . 7 3  Kg.  i f  f i s h .  
T o t a l  e s t i m a t e  f o r  t h e  m o n t h  o f  J u l y  was  241140 Kg. composed of 
149593 Kg.  p raw ns  and 9 1 54 7  Kg. f i s h .
I n  A u g u s t  t h e  u n i t  o p e r a t i o n  i n  t h e  zone  r e a l i z e d  a t o t a l  c a t c h  
o f  1 . 0 0  Kg.  c o n s t i t u t e d  o f  0 . 5 7  Kg. o f  p r a w n s  and 0 . 4 3  Kg.  o f  f i s h .  
T o t a l  e s t i m a t e  o f  c a t c h  f o r  t h e  month o f  A u g u s t  was 125080  composed 
o f  7 1 2 1 4  Kg.  p rawns and  5386 6  Kg. f i s h .
In  S e p t e m b e r  u n i t  o p e r a t i o n  r e a l i z e d  t o t a l  c a t c h  o f  3 . 01  Kg. o f  
f i s h  o f  w h i c h  2 . 4 5  Kg. was  c o n s t i t u t e d  by  prawns  and 0 . 5 6  Kg. of  f i s h ,  
T o t a l  e s t i m a t e  o f  c a t c h  was  332298 c o n s t i t u t e d  by 271015  o f  prawns 
and 6 1 2 8 3  Kg.  o f  f i s h .
C o m p a r i s o n  of  c a t c h e s  a t  d i f f e r e n t  s t a t i o n s  
The s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  by th e  a n a l y s i s  o f  
v a r i a n c e  e x p l a i n e d  i n  s e c t i o n  3 showed t h a t  in  g e n e r a l  t h e r e  was no 
d i f f e r e n c e  be t w e e n  t h e  c a t c h  l e v e l s  a t  d i f f e r e n t  s t a t i o n s  o b s e r v e d .
The r e s u l t  o f a n a l y s i s  a r e  a i v e n  in Table 3 t o  8
TABLc 3
M e t a o e n a e u s  d o b s o n i
S o u r c e  DF SS MSS F
S t a t i o n  4 10 .8195 2 .7049 1.2676
e r r o r  276 588 .96 15 2 .1339
TABLc 4
M e t a o e n a e u s  monoceros
S o u r c e  DF SS MSS F
C t a t i o n  4 0 . 1 1 1 4 0 .015 3 2 . 2 5 NS
: : r r o r  276 1 .8997 0 .0068
TABLii 5
P e n a e u s  i n d i c u s  
S o u rc e  DF SS MSS F
-  -
S t a t i o n  4 0 . 6478 0 .1 6195 9 .1 7 0 s»*
c i rror  276 4 .8 74 9 0 . 01766
TABLfa 6 
T o t a l  p r a w n
S o u r c e DF SS MSS F
Ci ta t ion 4 14 .8362 3.70905 1.7338 NS
E r r o r 276 590 .41 91 2 ,1392
TALLH 7
F i sh
Jourc e DF SS MSS F
i j t a t i  on 4 3 . 0 9 8 7 .774 7 9.7936 S
e r r o r 276 2 1 . 8 4 4 4 0 .0791
TADL:: 8
T o t a l  c a t c h
Liource DF SS MSS
S t a t i o n
c£rror
4
276
2 0 . 4 9 7 4
639 .878 1
5 . 12435
2 .318 4
2.2103 NS
I t  may be n o t e d  t h a t  w h i l e  t h e r e  was  no s i g n i f i c a n t  d i f f e r e n c e  in  
r e s p e c t  o f  d i f f e r e n t  s p e c i e s  o f  p r aw n s ,  e x c e p t  £ .  i n d i c u s . P.  I n d i c u s  
showed s i g n i f i c a n t  d i f f e r e n c e  between s t a t i o n s .  Th is  may be due to 
t h e  r e a s o n  t h a t _ £ .  i n d i c u s  b e i n g  a s t e n o h a l i n e  s p e c i e s ,  which  might  
h a v e  m i g r a t e d  downwards t o w a r d s  b a r  mouth  r e g i o n .
F
F i s h  a l s o  h a s  shown s i g n i f i c a n t  d i f f e r e n c e  be tween  s t a t i o n s  
d u e  to  h i g h  c a t c h  i n  T h e v a r s  r e g i o n .
H o m o g e n e i t y  o f  v a r i a n c e
H o m o g e n e i t y  t e s t  u s i n g ,  B a r t l e t t ’ s c h i s q u a r e  p e r f o r m e d  on the
v a r i a n c e  e s t i m a t e s  showed s i g n i f i c a n t  d i f f e r e n c e s  o v e r  s t a t i o n s  and
o v e r  t i m e .  The r e s u l t s  a r e  g i v e n  in  t a b l e  number 9.
TABLE 9
e s t i m a t e d  m o n t h w i s e  v a r i a n c e s  o f  d i f f e r e n t  s p e c i e s
v a l u e s  o f
■Jr.V,.V.gdt
B a r t l e t t ' s
15 vy ua4._4-A_=lL
c h i - s a u a r e .
Month Dobsoni I n d i c u s M o n o c e r o s  Monodon T o t a l
p raw n
F is h T o t a l D .F .
J u l y 0 . 1 2 3 5 0 . 0 2 3 1 0 . 0 0 3 3 0 . 0005 0 . 0 1 7 9 0 .0529 0 .3 28 0 120
A u g u s t 0 . 8 9 4 2 0 . 0 1 3 0 0 . 0 0 6 5 0.0001 0 . 1 7 9 1 0 .1178 0 . 4 1 2 2 79
S e p t . 4 . 7 7 5 8 0 . 0 0 7 5 0 . 0 1 0 0 0 .0015 4 . 9 4 0 0 0 .619 8 5 . 1 0 9 9 78
C h i -
s q u a r e
4 1 5 . 5 7 2 8 . 1 5 2 9 . 8 3 4 8 .0 9 5 9 3 . 8 2 143 .93 2 2 2 . 1 6
TABL- 10
- e s t i m a t e d  s t a t i o n w i s e  v a r i a n c e  o f  d i f f e r e n t  s p e c i e s  o f  
p r a w n s  f i s h ,  t o t a l  p r aw ns  and  t o t a l  f i s h  and v a l u e s  o f
S p e c i e s Vyp een T h e v a r s Kumbalam Panangad Aroor C h i -  
s q u a r e
Dobsoni 4 . 6 6 6 3 1 . 7 9 7 0 4 1 .5 2525 0 .741 9 0 .4 866 8 5 . 1 7 3
I n d i c u s 0 . 0 1 3 9 4 0 . 0 1 6 5 2 0 . 0 0 8 8 4 0 .030 4 0 .0 13 2 0 . 80 68 4
Monoeuro 3 0 . 0 0 6 2 6 0 . 0 0 3 5 0 . 0 0 2 2 5 0 . 0162 0 .0063 55 . 88 13 2
Monodon . 0 0 0 0 7 5 0 . 0 0 0 1 2 5 0 .0 0 0 3 1 5 0 .0011 0 . 0 00 03 21 93 .0 39 5
T o t a l  prawn 4 . 7 1 0 9 1 . 7 1 9 9 1 .4 913 0 . 8 4 4 0.45897 8 4 . 7 5 6
Fi sh 0 . 0 8 1 9 5 .0 7 6 9 .09 22 0 . 107 3 .03003 18 . 7 2 9
T o t a l  c a t c h 4 . 9 7 3 9 1 . 9 8 4 8 1 .7 643 0 . 770 8 .5464 8 2 . 9 4 8
DF 76 59 45 50 45
Tre nd  A n a l y s i s
I t  i s  w o r t h  n o t i n g  t h a t  v a r i a n c e  i n  r e s p e c t  o f  ^1. d o b s o n i  i s  found to  
f o l l o w  a l i n e a r  t r e n d ,  o v e r  s t a t i o n s .  T h i s  h a s  r e s u l t e d  i n  a l i n e a r  t r e n d  
i n  t h e  v a r i a n c e s  o f  t o t a l  p r a w n s  and t o t a l  f i s h  c a t c h  o v e r  s t a t i o n .  
S i g n i f i c a n t  t r e n d  i n  t h e  v a r i a n c e s  co u l d  be  o b s e r v e d  o n l y  i n  r e s p e c t  o f
M. dobsonj^ and as a consequence in total prawns and total fish catch 
(including prawns).
TABLE 11 Catch per operation (Kg) of prawns (specieswise) 
and fish in the five stations during the period 
July - September 1990.
M onth 
July
Species Vypeen Thevara Kumbalam Panangad Aroor
M.dobsoni 0.469 0.9185 0.9278 0.7221 0.6877
P.lndicua 0.2044 0.2619 0.2 0.2957 0.1201
M.monoceros 0.1487 0.1329 0.1139 0.1462 0.1063
P. monodon 0.0042 0.0028 0.0046 0.0150 0.0017
Fish 0.5149 0.8430 0.7542 0.644 0.6396
M.dobsoni .4662 0.5588 0.3732 0.3953 0.3804
P.indicus 0.1595 0.1759 0.0804 0.062 0.0328
.'.‘.monoceros 0.0976 .0657 0.0321 0.0307 0.1020
P .monodon 0.0043 0.001 0.0023 0.007 0.0064
Fish 0.3153 0.4558 0.2479 0.6427 0.3583
— — -  -  -  -  — - - - - - - -  - - -
M.dobsoni 3.6057 2.7344 2.4464 1.8527 1.3996
P. indicus 0. 16 0.0715 0.025 0.108 0
M.monoceros 0.1128 0.0578 0.0384 0.0753 0.0201
P.monodon 0.0057 0.0102 0.0027 0.001 0.001
Fish 0.4469 0.6977 0.45 0.4209 0.4427
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The variance in respect of other species of prawns did not show any 
trend. However any design attempted on the basis of observations on 
M .dobsoni is likely to reflect the system adequately since the proportion 
of other species in the catch is too low to be reckoned with.
To study the variation in the relative abundance of various species/ 
fish, the percentage contributions of different species in average
catch per operation was subjected to analysis of variance. The result
of the analysis are presented in the table. Station wise/monthwise
percentage con tribution of prawn and fish in catch per unit operation
and r^'sult of analysis <of variance.
Total Prawns TABLc 13
P ercentaue contributions
MONTH VYPHEN THEVARA IKUMBAl^M PANANGAD AROOR
July 61.4 61.0 62.3 64.8 58.9
A ugust 69.6 63.8 66.3 43.5 59.4
S epteraber 89.7 80.5 84.8 82.9 76.5
TABLc 14 ANOVA TABLH
SOUhC;i D.F . SUM. SOR McAN. :.QR F-VAL Ra\ARKb
Centre s 4 86.359 21.590 1.43 N.S
Mon th s 2 681.258 340.629 22.56 HI.GIG(l^)
error 8 120.793 15.099
: 42 :
TAtLc 15
F ISH
MONTH VYPeuN THu-VARA KUMBALAM PANANGAD
-
AROOR
July 38.6 39.0 37.7 35.2 41.1
Au just 30.4 36.2 33.7 56.5 40.6
S eptember 10.3 19.5 15.2 17.1 23.5
A NOVA TABLE ■
TAbLc 16
l^OURCc D.F. SUM.SQR MEAN.SQR F-VAL REMARKS
ta ti on s 4 86.367 21.592 1.43 N.5.
Month 2 681.266 340.633 22.56 HI.SIG(l9i)
error 8 120.781 15.098
Staticnwi se/Monthwi se oercentaae contribution of different ;species of
orawn in the total D r a w n  catch and1 results of analysis of variance
TABLc 17
M .dobsoni
MONTH VYPhhN THEVARA KUMBALAM PANANGAD AROOR
July 56.9 69.9 74.2 61.3 75.1
A ugust 64.4 69.7 76.5 79.7 73.0
September 92.8 95.0 97.4 90.9 98.5
TABLE 18 A NOV A TABLE
SOURCE 
Centre s
D.F. _ 
4
_ SUM.^R 
250.90
_MEAN.SQR
62.727
F-VAL
2.65
-
REfvlARKS
H.S.
Month 2 2125.477 1062.738 44.90 HI.SIG(1%)
error 8 189.352 23.669
TABLL 19 
P. indicus
MONTH VYPciiN THEVARA KUMBALAM PAN AN GAD AROOR
July 24.8 20 16. 1 25.1 13.2
Au just 2 1.9 22.1 16.6 12.3 6.5
September 4 . 2 2.5 1.1 5.4 0.1
TAFLH 20 ANOVA TABLE
LOURC^
_ _ D.F._ _ SUM.SQR MEAN.SQR
_F-VAL^ _ RtmRKS
Centre 4 193.722 48.431 3.47 N.S.
Month 2 809.337 404.669 28.96 h i .s i g (i%)
error 8 111.790 13.974
TABL- 21
M. monoceros
MONTH VYPEEN THcVARA KUMBAUM PANAN GAD AROOR
July 18.0 10.0 9.3 12.5 11.6
Au just 13.3 8.2 6.6 6.7 19.0
September 3.0 2.2 1.5 3.7 0.1
TABLt: 22 A NOVA TABLE
S ource D.F._ SUM.SQR_ _  MHAN^SQR__ _F-VAL R MARKS
C entrt; 4 60.552 15.138 1.57 N.S
Month 2 401.800 200.900 20.90 HI.SIG(1%;
-rror 8 76.909 9.614
TABLd 23 
P.. mpnodon
— — — — — — —
- - - - - - — — — — — —
MONTH VYPHdN THhVARA KUMBAUM PANANGAD AROOR
July 0,4 0.2 0.5 1.2 0.2
August 0.5 0.1 0.4 1,4 1.6
September 0.1 0.4 0.1 0.1 0.1
TABLE 24
ANOVA TABLE
SOURCc D.F. SUM.SQR MEAN.SQR F-VAL RBdARKS
C entre 4 9.564 2.391 0.82 N.S
Month 2 16.551 8.276 2.84 N.S
:;rror 8 23.303 2.913
It could be observed from the table. in the case of total prawns and
total fish the analysis of variance revealed that there is no significant 
difference between stations (F. „ - 1.43, P>,25). But the test 
established significant difference between months (F - 22.56 P<,005). 
This is due to seasonal variations present in the fishery particularly 
due to comparatively better catches in the month of September compared 
to the catches in July and August.
Similar trends could be observed in respect of proportions of 
different species of prawns. Analysis of variance on percentage 
contribution of M. dobsoni showed a F value for stations 2.65 against
4 and 8 degrees of freedom, which is non-significant (P>.l) while 
F for months showed a significant value of 44.90 (p< .005) ^ imilar 
results are observed in respect of species of prawns also. Results 
are given in table 18 to 24.
It has been established that where the characteristic under 
study displays a linear trend, stratified sampling is superior to 
simple random sampling or systematic sampling.
~ ^sy : 1 : n (Sukhatme & Sukhatme- 1976)
t respectively being variances under stratified, systematic 
and simple random sampling.
stratification facilitates easy execution of the survey 
proqramrr.e in addition to leading to estimates of precision of a higher 
order. Stratification consists in dividing the population into sub 
ciroups according to some criteriom to facilitate increase in the precision 
of estimates or to facilitate ease in the administration of the survey 
or both. In the present study stratification has been resorted to 
according to the topography of the area and intensity of fishing 
activities. On the basis of the preliminary investigation it has been 
found that the following scheme of sampling will lead to reliable 
estimates of the characteristic under study.
The following terms are defined.
^,n_Frame Days of the month together with serial numbers of rows
of nets form the frame of sample survey.
P.rjniarY_Stage Unit; The row-day combination is taken as the primary
stage unit.
Secondary Stage Unit; A net within the row of net.
Simple random Sampling; (random sampling for brevity)
Simple random sampling is a sampling method such that an equal 
probablity of selection (equal to the receprocal of the number of 
available units) is assigned to each available unit in the population 
at the first and each subsequent draw.
Stratified Sampling; Stratified random Sampling is the method of 
sampling by which the population is divided into a certain number say 
K, classes and a sample composed of K random samples one from each class.
Two stage sampling; elements in the population are grouped into 
clusters: The procedure of selecting clusters and then selecting a 
specific number of elements from each selected cluster is known as 
two-stage sampling.
Sampling design followed for pilot study;
A stratified two stage design has been evolved and tested as a pilot 
case. As stated earlier a geographical zone stratum over space and a
month a stratum over time. A zone-month therefore sorms a basic 
stratum for sampling purpose. A row of net is taken as the primary 
stage, unit and within the selected unit a specified percentage of 
the nets are selected as second stage units. In both the stages 
sampling is done by SRS without replacement.
From the selected second stage units data are collected as per 
the proforma (appendix)
estimates of catch per net are obtained as follows:
In defining various quantities the notation used by Sukhatme & 
-Jukhatme, 1976 is followed:
Let the population be divided into K Strata with first
stage units in the t^ *^  stratum.
k
then N = N, the total number of first stage units in the
I ^  ^
p opula tion.
Let the number of second stage units in the i^^ first stage unit, 
belonging to the t^ *^  stratum
Let M be the total number of second stage unit in the t^^ stratum
to
so that we have
Mti
1-1
Let mean number of Second stage unit per stratum
then W e have _
M 10 - N t M t
Let n be the total nun±ier of first stage unit to be included in the
sample and n^ be the number of first stage units in the sample from
t s t r a t u m .
Let denote the number of second stage units to be sampled from
i selected first stage unit.
Besides, we have the following definitions.
Nt^  Mt
Mto n  ' t i
_  ^ T il
Y t = —  Yf. I , the population mean
per second stage unit in the t^ *^  stratum.
-  i ni Mt i  mt i
‘ Mt n t  rnti ^  th t
sample m^^an per becond stage units in the t^^ stratum
V
k
C  M to
the population mean per second stage
ir.it in the population,
Where M
i=1 to
(Say)
and
''w - ^  -1 ^ 
i=1
from the sample.
t s . the corresponding estimate
Now, is an unbiased estimate of Y and Y^^ is an unbiased 
estimate of Y
P r o o f  :
We have
t t i=i
ti
i )
J
ti
t M . 
, - -  tl 1
Y^. . )
tij
-1
2
nt
tij
i=1 j = 1
N, «ti
c  H  
i=1 j=l
tij
Sirailarly
E(7 )
w
E ( 2 :  W Y 
i.1 ^
k M to
ts
«to
Following Sukhatme and Sukhatroe, 1976.
Contd.
Following Sukhatme £, Sukhatme, 1976.
k , 2  
— ) wl
i=1
Stb^
+ 1
n
Mti -■ 
( 1 1  )c*. 
~ !T ^  Z ---- H n  HiJ
t " t  i=1 ” tl
2
rthere is the mean square error between first stage units
 ^h <2 
in the t stratum and S^. is mean square between second stage
unite in the i first stage unit in the t^ *^  stratum.
An estimate of the variance
V (Yw) is given by
V ( )
^  2 
^  Wi
i-1
(_J______ 1__ ) stb
»t
+ 1
"nWt i = l
Mti
) s. 2
where = Mean square- error between first stage units in the
• 2 
stratum in the sample and = the mean square error between second
s ^ 3'je units in the i first stage unit in the stratum in the sample.
Thus, 2 ___ ^ _  _  2
i=1 t
2 _ , "’ti
ti j=i
wh-.TC' is the sample mean per second staye unit in the i"^*^ first
,tagc unit in the t stratum following the above methods the following 
estimates are arrived at
Stake Net Fishery
1 ) Mean/net operation
T o t a l  P r a w n s
Y = Y;,w ) = 2.8824 Kg.
S£ (Y) = S£ (Y ) = .4292 
w
T o t a l  f i s h
Y = Y = 3.0139 Kg. 
w
i.  _
SE (y ) = Sc (Y^) = .4484 
w
The estimate of mean and S.- were obtained only for stratum
3 where the concentration of stake net is very heavy, extension of
these results to other zones and pooling the estimate for the entire 
area is simple and rather straight forward. Similarly estimate of total 
production and the corresponding S.c also is rather straight forward.
estimate of the total and the corresponding standard deviation 
are obtained by the estimates of mean by the total nijanber of nets 
in the stratum.
Dip Net Fishery
Dip net fishery data collected also revealed a trend identical 
with that of stake net fishery. Here again the sampling procedure 
suggested is almost identical with that sugnested for stake net fishery,
£un'ie':ted scheme of sampling; The entire dip nets in the Vembanad 
l a k e  can be grouped into clusteres of unequal size depending upon the 
topojraphic conditions. Thus in the area under investigation entire 
d i p  nets are grouped into 5 clusters. TABLc 25
Cluster No. Description Number of nets
1 Thoppumpady to Kumbalam 40
2 Kumbalam to ^;dacochin 47
3 Hdacochin to Panangad 37
4 Cheppanam 50
5 South of Cheppanam 109
A two stage sampling where 1st stage units and second stage units 
are selected with SSRS without replacement is suggested.
The cluster of nets form the first stage unit and nets within 
cluster form the second stage units.
As before let N be the number of clusters in the population
let be the number of 2nd -stage units in the i^^ cluster
( i = 1,2.....N )
N
M » y  * M - Total number of second stage units in the population. 
^ i=1 ^
Let m^ be the number of second stage units to be selected from 
i f i r s t  stage units.
n
m ■ T m, = the total number of second stage unit in the sample.
-  1 “i
^   ^ “ Mean per second stage unit in the
i^^ cluster.
And N
-  ^11
Y « i=)
T^i
equal to the mean of second stage units in the population.
Also »»e define
N
_ N 
Therefore M M = v—  M
Z _  i 
i=1
and rV. ---- *-
N- ^  *1^1.1=1
An estimate of Y is given by
1 " - 
7. . - 4 -  I Z  M \
nM i = 1  ^ i*
Where n = total number of 1st stage units in the sample.
As before we can prove that Y^ is an unbiased estimate of Y. 
Variance Y is given by
V ( Y ) = (— S ^ ^  ^  (— 1—  ) c 2
s n N b nN i=1 m. M i
n 1 1
and an estimate of variance is given by
S ^ = n“ i“  Y ~ ( w. V. - ySb n-1 1 1 .  s''
>"<1 s 2 . _ L  ( Y - Y ) ^
‘ “i"’ j=l iJ i-
Following foregoing method the following results were obtained. 
Total Prawns 
Mean/net operation
A
Y = y (s ) = 3.7 Kg.
A
(y ) = St (Y ) * 0.2938 
s
Total Fish 
Mean/net operation
A
Y = Y = 4.0143 Kg.
A  ^ _
(y ) = SH (Y^) = 0.311
Allocation of sample sizes
The pricision of any sampling design is given by the variance of 
the estimate. Now the variance of the estimate of the mean is an 
expression involving the mean square error in the population and the 
sample size. Often we may not have any information about population
mean square. This would mean that to increase the precision we have 
to xonitor the sample size usually there may be two situations.
1 j Where cost of survey is a constrained in which case we may have 
to design the survey in such a manner that the precision is maximum 
for a given cost.
2 ) We may have to minimise to cost for a given precision.
Let c^  ^  and c^^ be the costs per unit for the 1^^ stage and second 
statje units in the t^ *^  stratum and let C be the average total cost of 
the surv>--y.
Then minimising the variance subject to the condition that the 
total average cost is C
n =
^ J ~ r
_ 2 j ___  ^ t  *^ ti 2
where t= ^ s
At
: 58 :
= ~U, r r ----
t= i,2,...,ky
^2t^t
The analysis of variance on total fish observed reveal that 
variance between rows of nets is about 8 times that of variance 
between nets within rows. This would mean that given a sample size 
we should give proportionately higher representation for rows in the 
sample.
TAbLIi 25
Stake n e x j Total catch
ANOVA TABLE
^OURC^. D.F. SUM.SQR MEAN.SQR F-VAL REMARKS
Rows 35 700.925 20.026 8.09 HI.SIG(l%)
::rror 211 522.150 2.475
TABLu 26 
Prawn Total
GOURCc D.F. SUM.SQR MtAN.SQR F-VAL Ri£fMRKS
Rows 35 667.870 19.082 8.10 HI.SIG(i%)
error 211 497.087 2.356
Similarly the variance between clusters in respect of dip.net'is observed 
to be about 25 times that of variance between nets within cluster.(TABLS 27) 
Thtise also warrants higher representation among clusters than within 
c luster.
Dip net/Total catch
ANOVA TABLd
COURCc D.F. SUM.SQR McAN. SQR F-VAL REMARKS
C 1 us ter 49 2148.203 43.841 24.93 HI.SU(l%)
error 240 422.071 1.759
TALLL 28
Total Prawn
ANOVA TABLE
LOUKC- D.F . SUM.GQR MHAN.SQR F-VAL REMARKS
Clu s tor 49 2088.542 42.623 26.08 HI.Sia(l%
urror 240 392.170 1.634
;ivon though traditionally the juvenile resources have been exploited, 
there has so far been no authentic assessment of the quantum of juvenile 
prawn exploited annually from Cochin backwaters.
There is no proper reporting on the catches by either stake nets or 
dip nets. There is no uniform pattern in the disposal of the catches as 
well. Since area concerned is quite vast and the method of operation 
complex and uncertain it is essential that one should think of a sampling
projramme to estimate the exploited resource. Perusal of the literature
available would reveal that no earnest attempt has been made so far by 
any agency to evolve a suitable sampling design for the purpose. Hence 
the present investigation in this direction has is of paramount 
ixportance.
Fortunately, sampling theory has developed to such an extent that 
we have sampling techniques at our disposal taking into account the 
complexities of any nature occurring in the natural populations. 
Nevertheless it is essential to reconcile the practical problems and the 
resources at ones’ disposal with the theoretical prudence. The attempt 
made in the present study is of utmost significance.
Since the time and resources available were very limited and meagre  
when compared to the vastness of the problem, only a part of the total 
area was considered for intense investigation. However this area contained 
50% o f the total stake nets in the entire Vembanad lake. Data on the 
catches by stake nets were collected for a period of three months Juiy 
through September and on the basis of the results of the analysis of the 
data, intensive data collection was resorted to in October by employing 
the ^ug^ested sampling design. Analysis of the data collected through 
preliminary survey revealed no uniformity as to the levels of catch at 
different stations or in different months. One of the essential 
requirements ift designing a sampling programme is the knowledge on the 
total amount of variation present among the population units in respect 
of the characteristics under study. No such information was available
to start with and hence it was decided to take a few random samples, 
within selected station and within months. iistimates of variance arrived 
a s proved to be varying significantly when tested for homogeneity by 
Bartlett's chi-square test. But it was observed that catch levels 
did not in general vary between stations. It may also be worth 
mentioning here that the period of preliminary investigation coincided 
with the lean period of stake net fishery in Cochin backwaters. Hence 
the intensity of catch did not help in choosing a proper format. Hence 
it was decided to take the ancillary information available, namely the 
number of nets. On the basis of these numbers and on practical 
consideration of topography, the entire area was stratified into 7 zones. 
Within the stratum a two stage sampling is suggested where SRS is followed 
in both the stages. Conventionally one would go for an estimate of the 
population mean (y) based on the sample mean . But since the second 
stage units within first stage units are not equal this would always 
results in a biased estimate, even though the computation is 
straightforward and simple. But the estimate suggested in the present 
study is one on the basis of the sample totals, tiven though the 
computation is tedious and theory a little puzzling, it was felt 
desirable to go for an estimate that is unbiased and that which admits 
an estimates of variance. The same design has been suggested for both 
stake nets and dip nets with a little difference in the definition of 
first stage units. Both the estimates are found to be reasonable and
ayroe with the roports available and admit low standard errors.
Howev-r a comparison of this method with SRS revealed that the 
efficiency is very low. But this may due to poor sampling coverage
the pilot study stage. With improvt3d sampling coverage as suggested 
in ’. h e  text this efficiency is likely to improve. However, the risk 
i i allowable as a SRS Scheme in such a complex and vast area would 
eiitail a lot of manpower and other resources.
Freg net5
Besides stake nets and dip nets, a large number of free 
nets ( described in section N0 .II& H I ,  page No. 15 - 19 ) are also 
operated in the backwaters. Present investigation did not cover these 
nets due to paucity of time and resources. However it is suggested 
that the multistage random sampling design followed by CMFRI for 
estimating the marine fish landings can be fruitfully employed for 
estimating the catches by these nets.
S U M  M A R Y
Vetnbanad lake which extends from Cranganore in the north to 
Alleppe/ in the south is well known to be an important nursery ground 
for the coramerciaHy important species of marine prawns Viz. Metapenaeus 
dobson 1 , M. monoceros. Penaeu$ indicus and P^. monodon. These species of 
prawns spend th<2ir juvenile stages in the backwaters and on reaching 
pr'.'-adult stage gradually move on to oceanic regions. Traditionally 
these juvenile resources have been exploited inflicting juvenile 
mortality on these resources which otherwise would have supported a 
prominent marine prawn fishery in the country. Planning the conservation 
strategies in respect of these species would needless to say, require 
quantified information on this aspect of the problem. At present there is 
no authentic information on the annual quantum of catches of these 
Juvoniles from this area. No attempt has been so far known to be made to 
syitematically collect and collate information on the catches of these 
juveniles. No agency is known to have made any study to evolve a suitable 
a n d  ‘.cientific method collection of relevant data in this respect. Hence 
a study was undertaken to evolve a scientific method of collection of 
data on the catches of juvenile prawns from Vembanad lake area.
The foregoing chapters deal with various aspects of the study such 
a s  data collection, methods of analysis and suggestions towards a 
suitat^le sampling design.
Before starting collection of data on the resources, preliminary 
survey was conducted for enumerating the total number of fixed nets in 
the area. In course of a period of three days,the regionwise distribution 
of the fixed nets Viz. stake nets and dip nets were ascertained by 
counting the actual net points. On the basis of the distribution of 
nets and practical consideration of the topography, the entire Vembanad 
laKe area has been divided into 7 strata/zones.
Zone 1 Kodungalloor to Mulavukadu
Zone 2 Mulavukadu to Venduruthy Bridge
Zone 3 Venduruthy to Perumbalam
Zone 4 cdacochin to Kumbalangi
Zone 5 Arookutty to Vayalar east
Zone 6 Perumbalam to Vaikoro
Zone 7 Vaikom to Thanneermukkam
Since the resources and time available were very much limited, only 
the central portion of the area was considered for detailed investigation.
5 centres, 4 representing zone 3 and one representing zone 2 were 
selected and data on catches by stake nets were collected for a period 
of three months from July through September 1990, Number of centres in 
each zone was proportionate to the number of nets available in these
zones.
The data on catches by stake nets were collected from each centre 
from a few nets. The number of nets varied from centre to centre but
was kept constant within a centre. Data were subjected to statistical 
analysis in order to ascertain various features. The homogeneity of 
variance was ascertained by employing Bartlett's chi-square. Analysis 
revealed that the variances within stations and within months were all 
not homogeneous. Analysis of variance was employed to ascertain 
whether the catches were of uniform level over time and space. The 
analysis was performed on data on catch/unit operation. It revealed 
that there was no significant difference in the levels of various 
species of prawns except Penaeus indicus and in the catch of fish.
In order to ascertain whether the proportion of fish and prawn 
in the total catch were uniform over time and space, analysis of 
variance was employed on the percentage compositions of prawns and 
fish in the total catch and on the percentage composition of different 
species of prawn in the total j^ rawns. The analysis was performed by 
transferring the data on arc-sin values on the squareroot of proportions. 
The results indicated that there was no difference In proportion 
over time and space.
As a linear trend can reasonably be expected in the catches 
as we proceed from bar mouth to interior regions, catch realized per 
unit operation of different species was subjected to ordinary regression 
analysis. It was found that in the month of September Metapenaeus 
dobsoni exhibited a clear linear trend. Since M. dobsoni forms major
proportion in the total catch, the trends of total prawn catch and 
total catch are determined by trends in dobsoni catch* In earlier 
months (July and August) no trend was discernible. It might be 
mentioned here that July and August were corapari tively lean periods 
for stake net fishery. Hence the trend shown by the fishery in the 
month of September were utilized for further analysis.
On the basis of the above observations a two stage stratified 
sampling design was thought off and implemented in the month of 
October. stratification was dona as indicated below. A two stage 
sampling within stratum was followed with a day-row (row of net) 
combination as the primary stage unit and within the row, net as the 
secondary stage unit . A zone-month formed the stratum over time and 
space. Since the facilities were limited as compared to the vastness 
of the problem^ Ihis phase of the study was confined to zone-3 where 
maximum concentration of stake nets is available, iivery day selected 
for observation, 10/t of the primary stage units and 20^ of second stage 
units were selected for observations.
At both stages SRSV^oR was followed. Since the data reveal a linear < 
trend the stratification will lead to estimates with comparatively higher 
precision.
An estimate of the catch/ net is recommended on the basis of the 
sample totals.
It is also proved that the given estimate is an unbiased estimate 
of population mean. The variance also is estimated.
In respect of dip net fishery, a two stage sampling design is 
followed. The primary stage unit is cluster of nets and second stago 
unit ; nets within the clusters. It i> found that it is easy to 
arrange the dip nets operated in the lake area into distinct clusters. 
How-iver since the resource are limited detailed investigations are done 
only in zone-3. extension of results to entire Vembanad lake area 
i L. straightforward.
The method of allocating sample size of primary stage units and 
Second stage units also is outlined.
Following results were obtained.
IAL Lc ::stimated catch per net and total catch in Zone-3
together with standard errors.
take net fishery;
estimates of Mean catch /net 
Standard trror 
Total catch 
Standard Error
Dip net fishr^ry; 
estimates of Mean catch/net
Standard drror
Total catch
Standard error
for one month
Prawn
2.8824 Kg. 
0.4484 
347703.912 Kg. 
54090.492
3.732
0.2938
31684.7 Kg. 
2494.36
Total catch
3.0139 Kg. 
0.42923 
363566.76 K j. 
5>1778.02
4.0143
0.311
34081.4 Kg. 
2640.39
In the present investigation free nets were not covered due to 
paucity of time and resources. However it is suggested that the 
multistage random sampling design followed by C.M.F.R.I, for 
estimatiny the marine fish landings can be fruitfully employed for 
estimating the catches by these nets.
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